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Novel Molecular Hydrogen Gas Laser 
L HMTRODUCrrON 

L Held of the rnvention: 

Lithography, the technique for manufacturing 
microelectronics semiconductor devices such as processors and 
memory chips, presently uses deep UV radiation at 193 nm 
from the ArF excimer laser. Future sources are lasers at 157 
nm and perhaps lasers at 127 nra. Advancements in light 
sources arc required in order to achieve the steady reduction in 
the size of integrated circuits. Only a free electron laser (FEL) 
with a minimum beam energy of 500 MeV appears suitable as a 
light source for the Next Generation Lithography (NGL) based on 
EUV lithography (13.5 nm) [J. E. Bjorkholm, "EUV lithography— 
the successor to optical lithography?", Intel Technology Journal. 
Q3, (1998), pp. 1^8; K. Hesch, E. Pellegrin, R. Rossmanith, R. 
Steininger, V. Saile, J. Wust, G. Dattoli, A, Doria, G. Gallcraao. L. 
Gianncssi» P. Ottaviani, H. Moser, "Extreme ultraviolet (EUV) 
sources based on synchrotron radiation". Proceedings of the 
2001 Particle Accelerator Conference, Chicago, pp. 654-656]. 
The opportunity exists to replace a FEL that occupies the size of 
a large building with a table-top laser based on vibration- 
rotational-state inversion of II^l\/\3) that can lase in the desired 
10 to 14 nm range. 

This invention relates to a laser based on hydrogen 
molecules designated H^ii/p) wherein the internuclear distance 
of each is about a reciprocal integer p times that of ordinary H^. 
The //jO/p) iDolecules are vibration-rotationally excited and lase 
witli a transition from a vibration-rotational level to another 
lower-energy-level other than one with a significant Boltzmann 
population at the cell neutral-gas temperature such as one with 
both V and 7 = 0. The lasing medium comprising H^{Up) may be 
supplied from an external source or generated internally or 
insitu by the catalysis of atomic hydrogen to form 11(1/ p) that 
further reacts to form H^{l/p), The invention comprises a power 
source that is at least one of an external source and a cell for the 
catalysis of atomic hydrogen to form novel hydrogen species 
and/or compositions of matter comprising new forms of 
hydrogen such as a source of ^2(1/^) and H^{U p). The reaction 
10 form and excite H^{l/p) may be maintained by an eleclron 
beam, microwave, or glow discharge plasma of hydrogen and a 
source of catalyst. The power from the catalysis of hydrogen 
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and externa] power may create vibration-rotationally excited 
comprising an inverted population of H^{l/p) capable of lasing. 
The H^{l/p) laser has an application as a light source for 
photolithography at short wavelengths. 

2. Background of the Invention 
2.1 Hvdrinos 

A hydrogen atom having a binding energy given by 



10 where p is an integer greater than 1, preferably from 2 to 20i\ 
is disclosed in R. Mills, The Grand Unified Theory of Classical 
Quantum Mechanics, January 2004 Edition, BiackLight Power, 
Inc., Cranbury, New Jersey, (" '04 Mills GUT"), provided by 
BiackLight Power, Inc.» 493 Old Trenton Road, Cranbury, NJ, 
1 5 08512 (posted at www.bIacklightpower.com); R. Mills, The Grand 
Unified Theory of Classical Quantum Mechanics, September 2003 
Edition, BiackLight Power, Inc., Cranbury, New Jersey, (" '03 
Mills GUT"), provided by BiackLight Power, Inc., 493 Old Trenton 
Road. Cranbury, NJ, 08512; R. Mills, The Grand Unified Theory of 
20 Classical Quantum Mechanics, September 2002 Kdition, 

BiackLight Power, Inc., Cranbury, New Jersey, C '02 Mills GUT"), 
provided by BiackLight Power, Inc., 493 Old Trenton Road, 
Cranbury, NJ, 08512; R. Mills, The Grand Unified Theory of 
Classical Quantum Mechanics, September 2001 Edition, 
25 BiackLight Power, Inc., Cranbury, New Jersey, Distributed by 
Amazon.com (" '01 Mills GUT"), provided by BiackLight Power, 
Inc., 493 Old Trenton Road, Cranbury, NJ, 08512; R. Mills, The 
Grand Unified Theory of Classical Quantum MechanicSy January 
2000 Edition, BiackLight Power, Inc., Cranbury, New Jersey, 
3 0 Distributed by Amazonxom (" '00 Mills GUT"), provided by 
BiackLight Power, Inc., 493 Old Trenton Road, Cranbury. NJ, 
085I2;R. L. Mills, "MaxwelFs Equations and QED: Which is Fact 
and Which is Fiction", Physica Scripia, submitted; R. L. Mills, 
"Exact Classical Quantum Mechanical Solution for Atomic Helium 
3 5 Which Predicts Conjugate Parameters from a Unique Solution for 
the First Time", Progress of Physics, submitted; J. Phillips, C-K 
Chen, R. Mills, "Evidence of catalytic Production of Hot Hydrogen 
in RF Generated Hydrogen/Argon Plasmas", IEEE Transactions on 
Plasma Science, submitted; R. L. Mills, Y. Lu, M. Nansteel, J. He. A. 
iO Yoigt. W. Good, B. Dhandapani. "Energciic Catalyst-Hydrogen 
Plasma Reaction as a Potential New Energy Source", Division of 



Binding Energy = 



13.6 eV 



(1) 
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Fuel Chemistry, Session: Advances in Hydrogen Energy, 228th 
American Chemical Society National Meeting, August 22-26, 
2004, Philadelphia, PA.; R. Mills, B. Dhandapani. W. Good. J. He. 
•*New States of Hydrogen Isolated from K^CO^ Electrolysis Gases", 
5 Chemical Engineering Science, submitted; R. L. Mills, "Exact 
Classical Quantum Mechanical Solutions for One- Through 
Twenty-Electron Atoms", Physics Essays, submitted; R. L. Mills, 
Y. Lu, M. Nanstcel, J. He, A. Voigt, B. Dhandapani, "Energetic 
Catalysi^Hydrogen Plasma Reaction as a Potential New Energy 
1 0 Source", Division of Fuel Chemistry, Session: Chemistry of Solid, 
Liquid, and Gaseous Fuels, 227th American Chemical Society 
Nadonal Meeting, March 28- April 1, 2004, Anaheim. CA; R. Mills, 
B. Dhandapani, J, He, "Highly Stable Amorphous Silicon Hydride 
from a Helium Plasma Reaction", Materials Chemistry and 

1 5 Physics, submitted; R. L. Mills, Y. Lu, B. Dhandapani. "Spectral 

Identification of H^{\ay\ submitted; R. L. Mills, Y. Lu, J. He, M. 
Nanstcel, P. Ray, X. Chen, A, Voigt, B. Dhandapani, "Spectral 
Identification of New Stales of Hydrogen", New Journal of 
Chemistry, submitted; R. Mills, P. Ray, B. Dhandapani, "Evidence of 
20 an Energy Transfer Reaction Between Atomic Hydrogen and 

Argon H or Helium H as the Source of Excessively Hot H Atoms 
in RF Plasmas", Contributions to Plasma Physics, submitted; J. 
Phillips, C. K. Chen, R. Mills, "Evidence of the Production of Hot 
Hydrogen Atoms in RF Plasmas by Catalytic Reactions Between 

2 5 Hydrogen and Oxygen Species", Spectrochimica Acta Part B: 

Atomic Spectroscopy, submitted; R, L. Mills. P. Ray, B. 
Dhandapani, "Excessive Balmer a Line Broadening of Water- 
Vapor Capacitively-Coupled RF Discharge Plasmas" IEEE 
Transactions on Plasma Science, submitted; R. L. Mills, ''The 

3 0 Nature of the Chemical Bond Revisited and an Alternative 

Maxwellian Approach", Physics Essays, submitted; R. L. Mills, P, 
Ray, M. Nanstcel. J. He, X. Chen, A. Voigt, B. Dhandapani, 
"Energetic Catalyst-Hydrogen Plasma Reaction Forms a New 
State of Hydrogen", Doklady Chemistry, submitted; R. L. Mills, P. 

3 5 Ray, M. Nanstcel, J, He, X. Chen, A. Voigt, B. Dhandapani, Luca 

Gamberale, "Energetic Catalyst-Hydrogen Plasma Reaction as a 
Potential New Energy Source", Central European Journal of 
Physics, submitted; R. Mills. P. Ray, "New H \ Laser Medium 
Based on Novel Energetic Plasma of Atoinic Hydrogen and 

4 0 Certain Group I Catalysts ', J. Plasma Physics, submitted; R. L. 

Mills. P. Ray, M. Nanstcel. J. He, X. Chen, A. Voigt, B. Dhandapani. 
""Characterization of an Energetic Catalyst-Hydrogen Plasma 
Reaction as a Potential New Energy Source*', Am. Chem. Soc. Div. 
Fuel Chem. Prepr., Vol. 48. No. 2. (2003); R. Mills, P. C. Ray, M. 
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Nanslcel, W. Good. P. Jansson, B. Dhandapani, J. He. "Hydrogen 
Plasmas Generated Using Certain Group I Catalysts Show 
Stationary Inverted Lyman Populations and Free-Free and 
Bound-Free Bmission of Lower-Energy State Hydride", Fizika A, 
5 submitted; R. Mills, J, Sankar, A. Voigt, J. He, P. Ray, B. 

Dbandapani, "Role of Atomic Hydrogen Density and Energy in 
Low Power CVD Synthesis of Diamond Films", Tlun Solid Films, 
submitted; R. Mills, B, Dhandapani, M. Nansteel, J. He, P. Ray, 
"Liquid-Nitrogen-Condensable Molecular Hydrogen Gas Isolated 

10 from a Catalytic Plasma Reaction", L Phys. Chem. B, submitted; R. 
L. Mills, P. Ray, J. He, Dhandapani, M. Nansteel, "Novel Spectral 
Series from Helium- Hydrogen Evenson Microwave Cavity 
Plasmas that Matched Fractional-Principal-Quantum-Energy- 
Level Atomic and Molecular Hydrogen", European Journal of 

1 5 Physics, submitted; R. L, Mills, P, Ray, R, M. Mayo, Highly 

Pumped Inverted Balmer and Lyman Populations, New Jounial 
of Physics, submitted; R. L, Mills, P. Ray, J. Dong, M. Nansteel, R. 
M. Mayo, B. Dhandapani, X. Chen, "Comparison of Balmer a Line 
Broadening and Power Balances of Helium-Hydrogen Plasma 

20 Sources", Braz. J. Phys., submitted; R. Mills, P. Ray» M. Nansteel, R. 
M. Mayo, "Comparison of Water-Plasma Sources of Stationary 
Inverted Balmer and Lyman Populations for a CW HI Laser", J. 
AppL Spectroscopy, in preparation; R. Mills, J. Sankar, A. Voigt, J. 
He, P. Ray, B. Dhandapani, "Synthesis and Characterization of 

25 Diamond Films from MPCVD of an Energetic Argon-Hydrogen 
Plasma and Methane", J. of Materials Research, submitted; R. 
Mills, P. Ray, B. Dhandapani, W, Good, P. Jansson, M, Nansteel, J. 
He, A. Voigt, "Spectroscopic and NMR Identification of Novel 
Hydride Ions in Fractional Quantum Energy States Formed by an 

3 0 Exothermic Reaction of Atomic Hydrogen with Certain Catalysts'^ 
European Physical Journal-Applied Physics, Vol. 28, (2004), pp. 
83-104; R. L. Mills, The Fallacy of Feynman's Argument on the 
Stability of the Hydrogen Atom According to Quantum 
Mechanics, Fondalion Louis de Broglie, submitted; R. Mills, J. He, 

3 5 B. Dbandapani, R Ray, "Comparison of Catalysts and Microwave 

Plasma Sources of Vibrational Spectral Bmission of Fractional- 
Rydberg-State Hydrogen Molecular Ion", Canadian Journal of 
Physics, submitted; R. L. Mills, P. Ray, X. Chen, B. Dhandapani, 
"Vibrational Spectral Emission of Fractional-Principal-Quantum- 

4 0 Energy-Level Molecular Hydrogen", L of the Physical Society of 

Japan, submitted; J. Philhps. R. L. Mills, X. Chen, "Water Bath 
Calorimelric Study of Excess Fleat in 'Resonance Transfer* 
Plasmas'\ Journal of Applied Physics, Vol. 96, No. 6, pp. 3095- 
3102; R. L. Mills, P. Ray, B. Dhandapani, X. Chen, "Comparison of 
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Catalysts and Microwave Plasma Sources of Spectral Emission of 
Fraclional-Principal-Quantuin-Energy-Level Atomic and 
Molecular Hydrogen", Journal of Applied Spectroscopy, 
submitted; R, L, Mills. B, Dhandapani. M, Nansteei» J. He, P. Ray, 
5 "Novel Liquid-Nitrogen-Condcnsabie Molecular Hydrogen Gas", 
Acta Physica Polonica A, submitted; R. L, Mills, R C, Ray, R. M. 
Mayo, M. Nansteel, B. Dhandapani, J. Phillips, "Spectroscopic 
Study of Unique Line Broadening and Inversion in Low Pressure 
Microwave Generated Water Plasmas", J. Plasma Physics, 
1 0 submitted; R. L. Mills, P. Ray. B. Dhandapani, J. He, ''Energetic 

Helium- Hydrogen Plasma Reaction", AIAA Journal, submitted; R. 
L. Mills. M. Nansteel, P. C. Ray, "Bright Hydrogen-Light and 
Power Source due to a Resonant Energy Transfer with Strontium 
and Argon Ions", Vacuum, submitted; R. L. Mills, P. Ray, B, 

1 5 Dhandapani, J. Dong, X. Chen, "Power Source Based on Helium- 

Plasma Catalysis of Atomic Hydrogen to Fractional Rydberg 
States", Contributions to Plasma Physics, submitted; R. Mills, J, 
He, A. Echczuria, B Dhandapani, P. Ray, "Comparison of Catalysts 
and Plasma Sources of Vibrational Spectral Emission of 

2 0 Fractional-Rydberg-Statc Hydrogen Molecular Ion", European 

Journal of Biysics D, submitted; R. L. Mills, J. Sankar, A. Voigt, J. 
He, B. Dhandapani, "Spectroscopic Characterization of the Atomic 
Hydrogen Energies and Densities and Carbon Species During 
Helium-Hydrogen-Methane Plasma CVD Synthesis of Diamond 

2 5 Films", Chemistry of Materials, Vol. 15, (2003), pp. 1313-1321; 

R. Mills, P. Ray. R. M. Mayo, "Stationary fnvertcd Balmer and 
Lyman Populations for a CW HI Watcr-PIasma Laser", IEEE 
Transactions on Plasma Science, submitted; R. L. Mills, P. Ray, 
"Extreme Ultraviolet Spectroscopy of Helium-Hydrogen Plasma", 

3 0 J. Phys. D, Applied Physics. Vol. 36. (2003), pp. 1535 1542; R. L. 

Mills, P. Ray, "Spectroscopic Evidence. for a Water-Plasma Laser", 
Burophysics Letters, submitted; R. Mills, P. Ray, "Spectroscopic 
Evidence for Highly Pumped Balmer and Lyman Populations in a 
Water-Plasma", J. of Applied Physics, submitted; R. L. Mills, J. 

3 5 Sankar, A. Voigi. J. He, B. Dhandapani, "Low Power MPCVD of 

Diamond Films on Silicon Substrates", Journal of Vacuum Science 
& Technology A, submitted; R. L. Mills, X. Chen, P. Ray, J. He, B. 
Dhandapani, "Plasma Power Source Based on a Catalytic Reaction 
of Atomic Hydrogen Measured by Water Bath Calorimelry", 

4 0 lliermochimica Acta, Vol. 406/1-2, (2003), pp. 35-53; R. L. Mills, 

A. Voigt, B. Dhandapani, J. He, ^Synthesis and Spectroscopic 
Identification of Lithium Chloro Hydride", Materials 
Characterization, submitted; R. L. Mills, B. Dhandapani, J. He, 
"Highly Stable Amorphous Silicon Hydridc% Solar Energy 
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Materials & Solar Cells, Vol. 80, No. 1» pp. 1-20; R, L. Mills, J. 
Sankar, P. Ray, A. Voigt, J. He, B, Dhandapani, "Synthesis of IIDLC 
Films from Solid Carbon", Journal of Material Science, Vol, 39, 
(2004), pp. 3309-3318; R. Mills, P. Ray, R. M. Mayo, "The 
5 Potential for a Hydrogen Water-Plasma Laser", Applied Physics 
Letters, Vol, 82, No. 11, (2003), pp. 1679-1681; R. L. Mills, 
"Classical Quantum Mechanics'\ Physics Essays, in press; R. L. 
Mills, P. Ray, "Spectroscopic Characterization of Stationary 
Inverted Lyman Populations and Free-Free and Bound-Free 

1 0 Emission of Lower-Energy State Hydride Ion Formed by a 
Catalytic Reaction of Atomic Hydrogen and Certain Group I 
Catalysts", Journal of Quantitative Spectroscopy and Radiative 
Transfer, No. 39, sciencedirecl.com, April 17, (2003); R, M. Mayo, 
R. Mills, "Direct Plasmadynamic Conversion of Plasma Thermal 

15 Power to Electricity for Microdistributed Power Applications", 
40th Annual Power Sources Conference, Cherry Hill, NJ, June 10- 
13, (2002), pp. 1-4; R. Mills, P. Ray, R. M. Mayo, "Chemically- 
Generated Stationary Inverted Lyraan Population for a CW HI 
Laser", European J of Phys. D, submitted; R. L. Mills, P. Ray, 

20 "Stationary Inverted Lyman Population Formed from 

Incandescently Heated Hydrogen Gas with Certain Catalysts", J. 
Phys. D, Applied Physics, Vol. 36, (2003), pp. 1504-1509; R. 
Mills, '*A Maxweliian Approach to Quantum Mechanics Explains 
the Nature of Free Electrons in Superfluid Helium", Low 

25 Temperature Physics, submitted; R. Mills and M. Nansteel, P. 
Ray, "Bright Hydrogen-Light Source due to a Resonant Energy 
Transfer with Strontium and Argon Ions", New Journal of 
Physics, Vol, 4, (2002), pp. 70.1-70.28; R. Mills, P, Ray, R. M. 
Mayo, "CW HI Laser Based on a Stationary Inverted Lyman 

30 Population Formed from Incandescently Heated Hydrogen Gas 
with Certain Group I Catalysts", IEEE Transactions on Plasma 
Science, VoL 31, No. 2, (2003), pp. 236-247; R. L. Mills, P. Ray, J. 
Dong, M. Nansteel, B. Dhandapani, J. He, "Spectral Emission of 
Fractional-Principal-Quantum-Energy-Level Atomic and 

3 5 Molecular Hydrogen", Vibrational Spectroscopy, Vol, 31, No. 2; 

(2003), pp. 195-213; R. L. Mills, P. Ray, B. Dhandapani, J. He, 
"Comparison of Excessive Balmer a Line Broadening of 
Inductively and Capacitively Coupled RF, Microwave, and Glow 
Discharge Hydrogen Plasmas with Certain Catalysts", IEEE 

4 0 Transactions on Plasma Science, Vol. 31, No. (2003), pp. 338- 

355; R. M. Mayo, R. Mills, M. Nansteel, "Direct Plasmadynamic 
Conversion of Plasma Thermal Power to Electricity", IEEE 
Transactions on Plasma Science, October, (2002), Vol. 30, No. 5, 
pp. 2066-2073; II. Conrads, R, Mills, Th. Wrubel, "Emission in the 



wo 2005/041368 



PCT/U$2004/03Si43 



Deep Vacuum Ultraviolet from a Plasma Formed by 
Incandescently Heating Hydrogen Gas with Trace Amounts of 
Potassium Carbonate", Plasma Sources Science and Technology 
Vol. 12. (2003). pp. 389-395; R. L. Mills, P. Ray, "Stationary 
5 Inverted Lyman Population and a Very Stable Novel Hydride 
Formed by a Catalytic Reaction of Atomic Hydrogen and Certain 
Catalysts". Optical Materials, in press; R. L. Mills, J. He, P. Ray, B. 
Dhandapani, X. Chen. "Synthesis and CharacterizaUon of a Highly 
Stable Amorphous Silicon Hydride as the Product of a Catalytic 
10 Helium-Hydrogen Plasma Reaction", InL J. Hydrogen Energy Vol 
28, No. 12. (2003), pp. 140M424; R. L. MiUs, A. Voigt, B 
Dhandapani. J. He, "Synthesis and Characterixalion of Lithium 
Chloro Hydride", Int J. Hydrogen Energy, submitted; R. L. Mills. 
P. Ray. "Substantial Changes in the Characteristics of a 
1 5 Microwave Plasma Due to Combim'ng Argon and Hydrogen", New 
Journal of Physics, www.njp.org. Vol. 4, (2002), pp. 22.1-22.17; 
R. L. Mills, P. Ray. "A Comprehensive Study of Spectra of the 
Bound-Free Hyperfine Levels of Novel Hydride Ion /r(l/2). 
Hydrogen, Nitrogen, and Air", Int. J. Hydrogen Energy, Vol. 28, 
20 No. 8. (2003), pp. 825-871; R. L. Mills, E. Dayalan, "Novel Alkali 
and Alkaline Earth Hydrides for High Voltage and High Energy 
Density Batteries". Proceedings of the 17«h Annual Battery 
Conference on ApplicaUons and Advances, California State 
Umversity, Long Beach, CA, (January 15-18, 2002), pp. 1-6; R. M 

2 5 Mayo, R. Mills, M. Nansteel, "On the Potential of Direct and MHD 

Conversion of Power from a Novel Plasma Source to Electricity 
for Microdistributed Power Applications". IEEE Transactions on 
Plasma Science. August. (2002). Vol. 30. No. 4. pp. 1568-1578- R 
P. C. Ray, R. M. Mayo, M. Nansteel. W. Good, P. Jansson, B. 

3 0 Dhandapani, J. He, "Stationary Inverted Lyman Populations and 

Free-Free and Bound-Free Emission of Lower-Energy State 
Hydride Ion Formed by an Exothermic Catalytic Reaction of 
Atomic Hydrogen and Certain Group I Catalysts", J. Phys. Chem 
A, submitted; R. Mills, E. Dayalan. P. Ray. B. Dhandapani. J. He. 
Highly Stable Novel Inorganic Hydrides from Aqueous 
Electrolysis and Plasma Electrolysis-, Electrochiroica Acta. Vol 
47, No. 24. (2002), pp. 3909-3926; R. L. Mills, P. Ray B. 
Dhandapani. R. M. Mayo. J. He. "Comparison of Excessive Balmer 
a Line Broadening of Glow Discharge and Microwave Hydrogen 
Plasnrias with Certain Catalysts". J. of Applied Physics. Vol. 92, 
No^l2. (2002), pp. 7008-7022; R. L. Mills. P. Ray, B. Dhandapani, 
J. He. Emission Spectroscopic Identification of Fractional 
Rydbcrg States of Atomic Hydrogen Formed by a Catalytic 
Helium-Hydrogen Plasma Reaction", Vacuum, submitted; R L 
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Mills, p. Ray, B. Dhandapani, M. Nansteel, X. Chen, J. He, "New 
Power Source from Fractional Rydberg States of Atomic 
Hydrogen". Current Applied Physics, submitted; R. L. Milis^ P. 
Ray, B. Dhandapani, M. Nansteel, X. Chen, J. He, "Spectroscopic 
5 Identification of Transitions of Fractional Rydberg States of 

Atomic Hydrogen", J. of Quantitative Spectroscopy and Radiative 
Transfer, in press; R. L. Mills, P. Ray, B. Dhandapani, M, Nansteel, 
X. Chen, J. He, "New Power Source from Fractional Quantum 
Energy Levels of Atomic Hydrogen that Surpasses Internal 
1 0 Combustion", J MoL Struct., Vol. 643, No. 1-3, (2002), pp, 43-54; 
R. L. Mills, P, Ray, "Spectroscopic Identification of a Novel 
Catalytic Reaction of Rubidium Ion with Atomic Hydrogen and 
the Hydride Ion Product", Int. J. Hydrogen Energy, Vol. 27, No. 9, 
(2002), pp. 927-935; R. Mills, J, Dong, W. Good, P, Ray, J. He, B. 

1 5 Dhandapani, "Measurement of Energy Balances of Noble Gas- 

Hydrogen Discharge Plasmas Using Caivet Calorimetry", Int. J. 
Hydrogen Energy, Vol. 27, No. 9, (2002), pp. 967-978; R. L, Mills, 
A. Voigl, P. Ray, M. Nansteel, B. Dhandapani, "Measurement of 
Hydrogen Balmer Line Broadening and Thermal Power Balances 

2 0 of Noble Gas-Hydrogen Discharge Plasmas", Int J. Hydrogen 

Energy, Vol 27, No, 6, (2002), pp. 671-685; R. Mills, P. Ray, 
"Vibrational Spectral Emission of Fractional-Principal-Quantum- 
Energy-Level Hydrogen Molecular Ion", Int. J, Hydrogen Energy, 
Vol. 27, No. 5, (2002), pp. 533-564; R. Mills, P. Ray, "Spectral 

2 5 Emission of Fractional Quantum Energy Levels of Atomic 

Hydrogen from a Helium-Hydrogen Plasma and the Implications 
for Dark Matter", Int. J. Hydrogen Energy, (2002), Vol. 27, No. 3, 
pp. 301-322; R. Mills, P. Ray» "Spectroscopic Identification of a 
Novel Catalytic Reaction of Potassium and Atomic Hydrogen and 

3 0 the Hydride Ion Product", Int. J. Hydrogen Energy, Vol. 27, No, 2, 

(2002), pp. 183-192; R. Mills, "BlackLight Power Technology-A 
New Clean Hydrogen Energy Source with the Potential for Direct 
Conversion to Electricity", Proceedings of the National Hydrogen 
Association, 12 th Annual U.S. Hydrogen Meeting and Exposition, 

3 5 Hydrogen: The Common Thread, The Washington Hilton and 

Towers, Washington DC, (March 6-8, 2001), pp. 671-697; R. 
Mills. W. Good, A. Voigl, Jinquan Dong, ^Minimum Heal of 
Formation of Potassium lodo Hydride", Int, J. Hydrogen Energy, 
Vol. 26. No. 11, (2001), pp. 1199-1208; R. Mills, "Spectroscopic 

4 0 Identification of a Novel Catalytic Reaction of Atomic Hydrogen 

and the Hydride Ion Product", Int. J. Hydrogen Energy, Vol. 26, 
No, 10. (2001), pp. 1041-1058; R. Mills, N, Grcenig. S. Hicks, 
"Optically Measured Power Balances of Glow Discharges of 
Mixtures of Argon, Hydrogen, and Potassium, Rubidium, Cesium, 
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or Strontium Vapor", Int J. Hydrogen Energy, VoK 27, No. 6, 
(2002), pp. 651-670; R. Mills, "The Graad Unified Theory of 
Classical Quantum Mechanics", Global Foundation, Inc, Orbis 
Scientiae entitled The Role of Attractive and Repulsive 
5 Gravitational Forces in Cosmic Acceleration of Particles The 
Origin of the Cosmic Gamma Ray Bursts, (29th Conference on 
High Energy Physics and Cosmology Since 1964) Dr. Bchram N. 
Kursunoglu, Chairman. December 14-17, 2000, Lago Mar Resort, 
Fort Lauderdale, FL, Kluwer Academic/Plenum Publishers, New 
10 York, pp. 243^258; R. Mills, "The Grand Unified Theory of 

Classical Quantum Mechanics", Int. J, Hydrogen Energy, Vol. 27, 
No. 5, (2002), pp. 565-590;. R. Mills and M. Nansteel, P. Ray. 
"Argon-Hydrogen-Strontium Discharge Light Source", IEEE 
Transactions on Plasma Science, Vol. 30, No. 2, (2002), pp. 639- 
I 5 653; R. Mills, B. Dhandapani, M. Nanstccl, J, Hc» A. Voigt, 

"Identification of Compounds Containing Novel Hydride Ions by 
Nuclear Magnetic Resonance Spectroscopy", Int. J. Hydrogen 
Energy, Vol, 26, No. 9, (2001), pp. 965-979; R. Mills, "BlackLight 
Power Technology-A New Clean Energy Source with the 
• 20 Potential for Direct Conversion to Electricity", Global Foundation 
International Conference on "Global Warming and Energy 
Policy'', Dr, Behram N. Kursunoglu, Chairman, Fort Lauderdale, 
FL, November 26-28, 2000, Kluwer Academic/Plenum 
Publishers, New York, pp. 187-202; R. Mills, "The Nature of Free 
25 Electrons in Superfluid Heliuni--a Test of Quantum Mechanics 
and a Basis to Review its Foundations and Make a Comparison to 
Classical Theory", Int, J. Hydrogen Energy. Vol. 26, No. 10, 
(2001), pp. 1059-1096; R. Mills, M. Nanstccl, and P. Ray, 
"Excessively Bright Hydrogen-Strontium Plasma Light Source 
30 Due to Energy Resonance of Strontium with Hydrogen", J. of 

Plasma Physics, Vol. 69, (2003), pp. 131-158; R. Mills, J. Dong. Y. 
Lu, "Observation of Extreme Ultraviolet Hydrogen Emission from 
Incandescently Heated Hydrogen Gas with Certain Catalysts", Int. 
J. Hydrogen Energy, Vol. 25. (2000), pp. 919-943; R. Mills, 
35 "Observation of Extreme Ultraviolet Emission from Hydrogen-KI 
Plasmas Produced by a Hollow Cathode Discharge", Int. Jf. 
Hydrogen Energy, Vol, 26, No. 6. (2001), pp. 579-592; R. Mills, 
"Temporal Behavior of Light-Emission in the Visible Spectral 
Range from a Ti-K2C03^H-Cell", Int. J. Hydrogen Energy. Vol. 26. 
4 0 No. 4, (2001), pp. 327-332; R. Mills, T. Onuma, and Y. Lu, 
"Formation of a Hydrogen Plasma from an Incandescently 
Heated Hydrogen-Catalyst Gas Mixture with an Anomalous 
Afterglow Duration", Int. J. Hydrogen Energy. Vol. 26. No. 7, July 
(2001), pp. 749-762; R. Mills. M. Nansteel. and Y. Lu, 
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"Obscrvatioi) of Extreme Ultraviolet Hydrogen Emission from 
Incandescent ly Heated Hydrogen Gas with Strontium that 
Produced an Anomalous Optically Measured Power Balance"*, Int. 
J. Hydrogen Energy, Vol. 26, No. 4, (2001), pp. 309-326; R. Mills. 
5 B. Dhandapani, N. Greenig, J. He» "Synthesis and Characterization 
of Potassium lodo Hydride", Int J. of Hydrogen Energy, Vol. 25, 
Issue 12, December, (2000), pp. 1185-1203; R. Mills, "Novel 
Inorganic Hydride", Int. J. of Hydrogen Energy, Vol. 25, (2000), 
pp. 669-683; R. Mills, B. Dhandapani, M. Nansteel, J. He, T, 

1 0 Shannon, A. Echezuria, ^'Synthesis and Characterization of Novel 

Hydride Compounds", Int. J. of Hydrogen Energy, Vol. 26, No. 4, 
(2001), pp. 339-367; R. Mills, "Highly Stable Novel Inorganic 
Hydrides", Journal of New Materials for Electrochemical Systems, 
Vol. 6, (2003), pp. 45-54; R. Mills, "Novel Hydrogen Compounds 

15 from a Potassium Carbonate Electrolytic Cell", Fusion Technology, 
Vol. 37, No. 2, March, (2000). pp, 157-182; R. Mills, The 
Hydrogen Atom Revisited", InL L of Hydrogen Energy, Vol. 25, 
Issue 12, December, (2000), pp. 1171-1183; R. Mills, W. Good, 
"Fractional Quantum Energy Levels of Hydrogen", Fusion 

20 Technology, Vol. 28. No, 4, November, (1995), pp. 1697-1719; R. 
Mills, W. Good, R. Shaubach, "Dihydrino Molecule Identification", 
Fusion Technology, Vol. 25, (1994), pp. 103-119; R, Mills, 
Kncizys, Fusion Technol. Vol. 20, (1991), pp. 65-81; and in prior 
PCT applications PCT/USOO/20820; PCT/US00/208i9; 

2 5 PCT/US99/17I71; PCT/US99/17129; PCT/US 98/22822; 

PC iVUS98/ 14029; PCT/US96/07949; PCT/US94/02219; 
PCT/US9 1/08496; PCT/US90/0I998; and prior UvS Patent 
Applications Ser. No. 09/225,687, filed on January 6, 1999; Ser 
No. 60/095,149, filed August 3, 1998; Sen No. 60/101,651, filed 

3 0 September 24, 1998; Ser. No. 60/105,752, filed October 26, 

1998; Ser. No. 60/113,713, filed December 24, 1998; Ser. No, 
60/123.835, filed March 11. 1999; Ser, No. 60/130,491, filed 
April 22, 1999; Ser. No. 60/141,036, filed June 29, 1999; Serial 
No. 09/009,294 filed January 20, 1998; Serial No. 09/111,160 

3 5 filed July 7, 1998; Serial No. 09/111,170 filed July 7. 1998; 

Serial No. 09/111,016 filed July 7, 1998; Serial No. 09/111,003 
filed July 7, 1998; Serial No. 09/110,694 filed July 7. 1998; 
Serial No. 09/110,717 filed July 7, 1998; Serial No, 60/053378 
filed July 22. 1997; Serial No, 60/068913 filed December 29, 

4 0 1997; Serial No. 60/090239 filed June 22. 1998; Serial No. 

09/009455 filed January 20, 1998; Serial No. 09/110.678 filed 
July 7, 1998; Serial No. 60/053,307 filed July 22, 1997; Serial 
No- 60/068918 filed December 29. 1997; Serial No. 60/080,725 
filed April 3, 1998; Serial No. 09/181.180 Hied October 28, 1998; 
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Serial No. 60/063.451 filed October 29, 1997; Serial No. 
09/008,947 filed January 20, 1998; Serial No. 60/074,006 filed 
February 9. 1998; Serial No. 60/080.647 filed April 3. 1998- 
Serial No. 09/009,837 filed January 20. 1998; Serial No. 
5 08/822,170 filed March . 27, 1997; Serial No. 08/592,712 filed 
January 26. 1996; Serial No. 08/467.051 filed on June 6 1995- 
Serial No. 08/416.040 filed on April 3, 1995; Serial No. * 
08/467,911 filed on June 6. 1995; Serial No. 08/107,357 filed on 
August 16, 1993; Serial No. 08/075,102 filed on June 11, 1993- 
1 0 Serial No. 07/626.496 filed on December 12,1990; Serial No 
07/345,628 filed April 28, 1989; Serial No. 07/341,733 filed 
April 21, 1989 the entire disclosures of which are all 
incorporated herein by reference (hereinafter "Mills Prior 
Publications"). 

1 5 The binding energy of an atora, ion, or molecule, also 

known as the ionization energy, is the energy required to 
remove one electron from the atom, ion or molecule. A 
hydrogen atom having the binding energy given in Eq. (1) is 
hereafter referred to as a hvdrino atom or hvdr^n p The 

20 designation for a hydrino of radius ^.where a„ is the radius of 

p 

an ordinary hydrogen atom and p is an integer, is ^[^^j- A 

hydrogen atom with a radius a„ is hereinafter refened to as 
"ordinary hydrogen atom" or "normal hydrogen atom." Ordinary 
atomic hydrogen is characterized by its binding energy of 13 6 

2 5 eV. 

Hydrinos are formed by reacting an ordinary hydrogen 
atom with a catalyst having a net enthalpy of reaction of about 

m-n.2eV ^2a) 
Where m is an integer. This catalyst has also been referred to as 

3 0 an energy hole or source of energy hole in Mills earlier filed 

Patent Applications. It is believed that the rate of catalysis is 
mcreased as the net enthalpy of reaction is more closely 
matched to m-TIZeV. It has been found that catalysts having a 
net enthalpy of reaction within ±10%, preferably +5%, of 

3 5 «i 27.2<V are suitable for most applications. 

In another embodiment, the catalyst to fonn hydrinos has 
a net enthalpy of reaction of about 

m/2-27.2cV (2b) 
where m is an integer greater that one. U is believed that the 

4 0 rate of catalysis is increased as the net enthalpy of reacUon is 

more closely matched to /n/2.27.2eV. It has been found that 
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catalysts having a net enthalpy of reaction within ±10%, 
preferably +5%, of m/2 272 eV are suitable for most applications, 

A catalyst of the present invention may provide a net 
enthalpy of m-27,2eV where m is an integer or /n/2-27.2eV 
5 where m is an integer greater than one by undergoing a 
transition to a resonant excited state energy level with the 
energy transfer from hydrogen. For example. He* absorbs 
40.8 during the transition from the 7i = l energy level to the 
n = 2 energy level which corresponds to 3/2-27.2 eK (/n = 3 in Eq. 
1 0 (2b)). This energy is resonant with the difference in energy 
between the p = 2 and the p = l states of atomic hydrogen given 
by Eq. (1). TIius He^ may serve as a catalyst to cause the 
transition between these hydrogen states. 

A catalyst of the present invention may provide a net 

1 5 enthalpy of m 272€V where m is an integer or mil 11.2 eV 

where is an integer greater than one by becoming ionized 
during resonant energy transfer. For example, the third 
ionization energy of argon is 40.74 eV\ thus, Ar^* absorbs 40.8 eV 
during the ionization to Ar^* which corresponds to 3/2-27.2 

2 0 (/n = 3 in Eq. (2b)). This energy is resonant with the difference in 

energy between the p^2 and the p = l states of atomic hydrogen 
given by Eq. (I). Thus Ar^* may serve as a catalyst to cause the 
transition between these hydrogen states. 

This catalysis releases energy from the hydrogen atom 

2 5 with a commensurate decrease in size of the hydrogen atom, 

^n="^H* example, the catalysis of //(»-!) to //(n = l/2) 
releases 40.8 eV, and the hydrogen radius decreases from to 

-a„, A catalytic system is provided by the ionization of t 

electrons from an atom each to a continuum energy level such 

3 0 that the sum of the ionization energies of the / electrons is 

approximately mXll.leV where m is an integer. One such 
catalytic system involves potassium metal. TTic first, second, 
and third ionization energies of potassium are 4.34066 ^V, 
31-63 cV. 45.806 eV. respectively [D. R. Lide, CRC Handbook of 
3 5 Chemistry and Physics, 78 th Edition, CRC Press, Boca Raton, 
Florida, (1997), p. 10-214 to 10-216]. The triple ionization 
(f = 3) reaction of K to a:^*, then, has a net enthalpy of reaction of 
81.7426 ^V, which is equivalent to mr=:3 in Eq. (2a). 



AQ 



81.7426 eV^K{m) + -> K^* + 35" + w| 

LP J L(/>+3) 



3j +I(p+3)^-p'jX13.6^V 

(3) 

K^' + ^e' -> A:(/«)+ 8 1.7426 eV (4) 
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And, the overall reaction is 

Rubidium ion (Rb*) is also a catalyst because the second 

ionization energy of rubidium is 27.28 eK. In this case, the 
5 catalysis reaction is 

2X28 eK^/J£»* + i^^j-> /?i>^*+^^ + //|^~^j+[(/7+l)^ -p']X\3.6eV 

(6) 

Rb^"^ ^e-^Rb"^ +2Z2%eV (7 ) 

And, the overall reaction is 

1 0 i^j^^j^/^j^--^j+[(p + i)2 -p']Xl3.6eV (8) 

Strontium ion (5r*) is also a catalyst since the second and third 
ionization energies of strontium are 11.03013 eV and 42.89 ^V, 
respectively. The ionization reaction of Sr* to 5r'%(/ = 2), then, 
has a net enthalpy of reaction of 53.92 ^V, which is equivalent to 
15 m=2 in Eq. (2a). 

53.92 eV-^Sr^ + /ij^^j -> St"' + 2e' + //|^^^^ j+ [(p + 2)^ - p^JXl 3,6 eV {9) 



20 



25 



Jr^* + 2€' Sr* +53.92 eV (10) 

■ 

And, the overall reaction is 

Helium ion (He^) is also a catalyst because the second 
ionization energy of helium is 54.417 eV. In this case, the 
catalysis reaction is 

54.4 17 eV + He' + -> He'' + + y^|^-^_J+[(p+2)* -p*lX13.6 eV 

(12) 

3 0 He^* + e--* He* -1-54.417 et' (13) 

And, the overall reaction is 

Argon ion is a catalyst. The second ionization energy is 
27.63 eV^. 
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(t5) 

And, the overall reaction is 

A neon ion and a proton can also provide a net enthalpy of 
a multiple of that of the potential energy of the hydrogen atom. 
The second ionization energy of neon is 40.96 cK, and IT releases 
13.6 eV when it is reduced to H. The combination of reactions of 
0 Ne"- to Ne^"" and H"" to H, then, has a net enthalpy of reaction of 
27.36 eV, wliich is equivalent to m = I in Eq. (2a). 

27.36 eV Ne^ + /r -h ^H^ Ne^^ + //[^]+ [(p + - p'm3.6 eV 

(18) 

II + A^e^* + A^e^ +27.36 cV (19) 
5 And, tlie overall reaction is 

ii\^'{j^\-'l'^P-''y'-p'm3.6eV (20) 

A neon ion can also provide a net enthalpy of a multiple of 

that of the potential energy of the hydrogen atom. Ne* has an 

excited stale Afe*' of 27^eV(46.5/wj) which provides a net 

0 enthalpy of reaction of 27.2 eV, wliich is equivalent to ot = 1 in Eq. 
(2a). 

27.2 eV+ Ne^ + //j^^J Ne^' + |)^ -p']Xl3,6 eV (21) 

Ne** -> +27.2 eV (22) 
And, the overall reaction is 

The first neon excimer continuum Mr,* may also provide a 
net enthalpy of a multiple of that of the potential energy of the 
hydrogen atom. The first ionization energy of neon is 
21.56454 eV, and the first neon excimer continuum Ne^* has an 
) excited state energy of 15.92 eV. The combination of reactions of 
Ne^ * to 2Ne\ then, has a net enthalpy of reaction of 27.21 eV, 
which is equivalent to m = 1 in Eq. (2a). 

2Afe* Afej *+27.21 eV (25) 
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And, the overall reacrion is 



>((P+0'-p']X13.6eV (26) 



Similarly for helium, the helium excimer continuum to shorter 
wavelengths may also provide a net endialpy of a multiple 

5 of that of the potential energy of the hydrogen atom. The first 
ionization energy of helium is 24.58741 eV, and the helium 
excimer continuum He^ * has an excited state energy of 21.97 eV. 
The combination of reactions of He^ * to IHc*, then, has a net 
enthalpy of reaction of 27^1 eV, which is equivalent to m =^ 1 in 
1 0 Eq. (2a). 

27.21 eV + //e, 2//e* + /^[^^^j+[(p+l)^ -p']X13.6 eV (27) 

2He^ -> He^ * +27.21 (28) 
And« the overall reaction is 

+t(p+l)'-p'lX13.6eV (29) 



LP J L(/'+ 



.(/^+1). 

15 Atomic hydrogen in sufficient concentration may serve as 

a catalyst since the ionization energy of hydrogen is 13.6 eV. Two 
atoms fulfill the catalyst criterion — a chemical or physical 
process with an enthalpy change equal to an integer multiple of 
27-2 since togetlier they ionize at 27.2 ^V. Thus, the transition 

20 cascade for the plh cycle of the hydrogen-type atom, 

with two hydrogen atoms, ^^[yj- as the catalyst is represented 

by 

27.21 eV + ^4^]+ ^^[^] ^ + + 4(^]'^ ~ ^'^^^^'^ 

25 ^ (30) 

211'' + 2e- 2//[^^ j+ 27.2 leV (31) 

And, the overall reaction is 

J + 1)^ - PJX116 eV (32) 

LP J l(P+J)J 

30 A nitrogen molecule can also provide a net enthalpy of a 

multiple of that of the potential energy of the hydrogen atom. 
The bond energy of the nitrogen molecule is 9.75 eV, and the 
first and second ionization energies of the nitrogen atom are 
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14.53414 eV and 29,6013 eV, respectively. The combination of 
reactions of to 2N and N to then, has a net enthalpy of 
reaction of 53,9 cV, which is equivalent to m = 2 in Eq. (2a)- 

53.9 e V + iV, + ^N^N'^^ ^ ^ ^'^^^^'^ ^ ^ ^ ^ 

^^+yv^^-->^,+53.9eV^ (34) 
And, the overall reaction is 

A carbon molecule can also provide a net enthalpy of a 
multiple of that of the potential energy of the hydrogen atom. 
The bond energy of the carbon molecule is 6.29 eV, and the first 
and through the sixth ionization energies of a carbon atom are 
1 1,2603 tfK, 24.38332 cV, 47.8878 €1^, 64.4939 eV, and 392.087 ^K, 
respectively. The combination of reactions of C to 2C and C to 

C , then, has a net enthalpy of reaction of 546.40232 cV, which is 
equivalent to m:^20 in Eq. (2a). 

546.4 e V + + //|^^ j ^ C + C^^ + ^(P+^O)] " ^^^^'^ ' 

(36) 

C+ C^* ™> Cj + 546.4 eV (37) 
And, the overall reaction is 

An oxygen molecule can also provide a net enthalpy of a 
multiple of that of the potential energy of die hydrogen atom. 
The bond energy of the oxygen molecule is 5.165 eV, and the 
first and second ionization energies of an oxygen atom are 
13.61806 eK and 35.11730«V, respectively. The combination of 
reactions of to 20 and O to (f^ then, has a net enthalpy of 
reaction of 53.9 ^V, which is equivalent to /fi^2 in Eq. (2a). 

(39) 

0+ O^' +53.9 eV (40) 
And, the overall reaction is 

4^ iiF^h^'^''^^ ~ ' > 

An oxygen molecule can also provide a net enthalpy of a 
multiple of that of the potential energy of the hydrogen atom by 
an alternative reaction. The bond energy of the oxygen 



wo 2005/041368 



PCTAJS2D04/035143 



19 



molecule is 5.165 eV, and the first through the third ionization 
energies of an oxygen atom are 13.61806 cV, 35.1 1730 eK, and 
54.9355 eV, respectively. The combination of reactions of to 20 
and O to O^"^, then, has a net enthalpy of reaction of 108.83 eV, 
5 which is equivalent to m = 4 in £q. (2a). 

108.83 eV + O^ + //W-> O+O'" + « 7-^|+K/^+^>' -p'l^«3,6 eV 

(42) 

0+ 0'* 0, + 108.83 eV (43) 
And, the overall reaction is 

1 0 4— //[^'-^l+[(/>+4)" -;;MX13.6 eV (44) 

IP J L(P+4)J 

An oxygen molecule can also provide a net enthalpy of a 
multiple of that of the potential energy of the hydrogen atom by 
an alternative reaction. The bond energy of the oxygen 
molecule is 5,165 eV, and the first through the fifth ionization 
15 energies of an oxygen atom are 13.61806 ^V, 35.1 1730 eV^, 54.9355 cV, 
77.41353 6V, and 1 13.899 eV, respectively^ The combination of 
reactions of to 20 and O to O^, then, has a net enthalpy of 
reaction of 300.15 eV. which is equivalent to m = ll in Eq. (2a). 

300. 15 cV+Oa + |-> 0+0'* +// 

20 (45) 

Oj +300.15 cV (46) 
And, the overall reaction is 

In addition to nitrogen, carbon, and oxygen molecules 

2 5 which are exemplary catalysts, other molecules may be catalysts 

according to the present Invention wherein the energy to break 
the molecular bond and the ionization of / electrons from an 
atom from the dissociated molecule to a continuum energy level 
is such that the sum of the ionization energies of the t electrons 

3 0 is approximately mH.leV where ( and m are each an integer. 

The bond energies and the ionization energies may be found in 
standard sources such as D. R. Linde, CRC Handbook of Chemisuy 
and Physics, 79 th Edition, CRC Press, Boca Raton, Florida, (1999), 
p, 9-51 to 9-69 and David R. Linde, CRC Handbook of Chemistry 
3 5 and Physics. 79 th Edition, CRC Press. Boca Raton, Florida, (1998- 
9), p. 10-175 to p. 10-177, respectively. Thus, further molecular 
catalysts which provide a positive enthalpy of m-n.leV to cause 
release of energy from atomic hydrogen may be determined by 



+ [(p+n)'-p']Xl3.6«V 
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one skilled in the art. 

Molecular hydrogen catalysts capable of providing a net 
enthalpy of reaction of approximately mX21.2eV where m is an 
integer to produce hydrino whereby the molecular bond is 
broken and t electrons arc ionized from a corresponding free 
atom of the molecule are given infra. The bonds of the 
molecules given in the first column are broken and the atom 
also given in the first column is ionized to pibvide the net 
enthalpy of reaction of m X 27.2 eV given in the eleventh column 
where m is given in the twelfth column. The energy of the bond 
which is broken given by Linde [D. R. Lide, CRC Handbook of 
Chemistry and Physics, 79 th Edition, CRC Press, Boca Raton, 
Florida, (1999)> p. 9-51 to 9-69] which is herein incorporated by 
reference is given in the 2nd column, and the electrons which 
arc ionised are given v/ith the ionization potential (also called 
ionization energy or binding energy). The ionization potential of 
the nth electron of the atom or ion is designated by IP^ and is 
given by Linde [D. R. Lide, CRC Handbook of Cljemistry and 
Physics, 79 th Edition. CRC Press. Boca Raton, Florida, (1998-9), 
p. 10-175 to p. 10-177] which is herein incorporated by 
reference. For example, the bond energy of the oxygen 
molecule, BE=:5A65eV, is given in the 2nd column, and the first 
ionization potential, /fj =13.61806 and the second ionization 
potential. /Pj =35. 11730 eV, are given in the third and fourth 
columns, respectively. The combination of reactions of to 20 
and O to then, has a net enthalpy of reaction of 53,9 eK, as 
given in the eleventh column, and ;n = 2 in Eq, (2a) as given in 
the twelfth column. 
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TABLE L Molecular Hydrogen Catalysts 



CuialysiBE IPJ IP2 IP3 1P4 IPS IP6 1P7 IPS Bnlhalp m 



C^/C 6.26 11.2 24.3 47.8 64.4 392. ' fj^ ^ 

603 8332 878 935^ 087 
l/^j N 9.75 14.5 29,6 53 9 . 

3414 013 

0^/0 5,16 13.6 35.1 54 2<i 2 

5 1806 1730 

O^/O 5.16 13.6 35.1 54.9 108 83 4 

5 1806 1730 355 
O^/O 5,16 13.6 35,1 54,9 77.4 113. 300 15 1 1 

5 1806 1730 355 1353 899 
COj/O 5.52 13.6 35.1 54 ^5 o 

1806 1730 ' . 

CO,/ O 5.52 13.6 35.1 54.9 10919 4 

1806 1730 355 

CO^fOS.S2 13,6 35.1 54.9 77.4 M3. 300 5 n 

1806 1730355 1353 8990 
I>rO^J0^^U 13.6 35,1 54.9 77.4 1 13. 298 14 ll 

1806 J730355 1353 8990 
NOy/0 2.\6 13.6 35.1 54.9 77.4 113. 138. 43526 16 
1806 1730 355 1353 8990 1197 



In an embodiment, a molecular catalyst such as nitrogen is 
combined with another catalyst such as H^' (Eqs. (12-14)) or Ar' 
(Eqs, (15-17)). In an embodiment of a catalyst combination of 
argon and nitrogen, the percentage of nitrogen is within the 
range M0%, In an embodiment of a catalyst combination of 
argon and nitrogen, the source of hydrogen atoms is a hydroecn 
halide such as HF. ^ 

The energy given off during catalysis is much greater than 
the energy lost to the catalyst. The energy released is large as 
compared to conventional chemical reactions. For example, 
when hydrogen and oxygen gases undergo combustion to form 
water 

the known enthalpy of formation of water is A//^ = -286 W //iio/e 
or 1.48 eV per hydrogen atom. By contrast, each (« = !) ordinary 
hydrogen atom undergoing catalysis releases a net of 40.8 eV 
Moreover, further catalytic transitions may occur- 

__j 1 1 1 1 1 
"*^2'^3' 3""^ 4' 4 ""^5* ^^^^ catalysis begins, 

hydrinos autocatalyzc further in a process called 
dl^Cm portionation . This mechanism is similar to that of an 
inorganic .on catalysis. But, hydrino catalysis should have a 
higher reaction rate than that of the inorganic ion catalyst due to 
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the belter, match of the enthalpy to m ZJ.leV. 



10 



15 



20 



25 



^ — Dihydrino Molecular l ou. DihvdHno Moiennlft, am! 
Hvdrino Hydride fp n 

Novel emission lines with energies of q^l3,6eV where 
^-1,2,3,4,6.7,8,9, or 11 were previously observed by extreme 
ultraviolet (EUV) spectroscopy recorded on microwave 
discharges of helium with 2% hydrogen [R. L. Mills, P. Ray J 
Phys, D, Applied Physics, Vol. 36, (2003), pp. 1535^1542].' These 
Imes matched H{\Jp), fractional Rydberg states of atomic 

hydrogen wherein 11 (^^137 an integer) replaces 

the well known parameter integer in the Rydberg equation for 
hydrogen excited states. Evidence supports that these states arc 
formed by a resonant nonradiative energy transfer to He* acting 
as a catalyst. Ar' also serves as a caUilyst to form H{\lp)\ 
whereas, krypton, xenon, and their ions serve as controls. H{\lp) 
may react with a proton and two H(\i p) may react to form 
H^iUpf <md //^(l/p), respectively. The hydrogen molecular ion 
and molecular charge and current density functions, bond 
distances, and energies were solved previously [R. L, Mills, "The 
Nature of the Chemical Bond Revisited and an Alternative 
Maxwellian Approacii", If Nuovo Cimcnto. submitted] from the 
Laplaciau in ellipsoidal coordinates with the constraint of 
nonrndiation. 

C- |(«< %)H;H)^ |(/(, |) * «- |(/^ |, . 0 (49) 

The total energy of the hydrogen molecular ion having a central 
field of -^-pe at each focus of the prolate spheroid molecular 
orbital is 



(41n3-l-21n3) 



2tv 



2 ifi 



(50) 



30 



= 16. 1 3392 eV - p'0. 1 1 8755 eV 
where p is an integer, h is PJanck's constant bar. m, is the mass 
of the electron, c is the speed of light in vacuum, p is the 
reduced nuclear mass, and k is the harmonic force constant 
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solved previously [R. L. Mills, "The Nature of the Chemical Bond 
Revisited and an Alternative Maxwellian Approach", II Nuovo 
Ciraento, submitted]. The total energy of die hydrogen jnolccule 
having a central field of +p£ at each focus of the prolate 
S spheroid molecular orbital is 

r 



2 in 



2V2-V2 + 



V2 



2h 



i 



= -p^31.351 eV-- /?^0.326469 eV 

(51) 

where is the Bohr radius. 

The bond dissociation energy Ep of hydrogen molecular ion 
10 H^{\lpy is the difference between the total energy of the 
corresponding hydrogen atom H{\l p) and Ej.\ 

E^^E{H{Up))-E^ (52) 

where 

E{H(l/p))^-'P^ {3.5mA eV (33) 
15 Ej^ is given by Eqs. (52-53) and Eq. (50): 

^^rr-p^ 13.59844 

= -p^ 1 3.59844 - i 6. J 3392 £ V - 0. 11 8755 c V) (54) 

- 2.535 V + p'0. 118755 c V 
The bond dissociation energy of hydrogen molecule 
^i(l^p) ts the difference between the total energy of the 
corresponding hydrogen atoms and Ej. 
20 E^'^E{2H{Up))-Ej. (55) 

where 

E(2H{l/p)) = -/;^27.20 eV (56) 
ii^o is given by Eqs, (55-56) and (51): 

J^z>=^ V27.20tfV-£V 

V27.2O €V' {-p^3l35leV- p'0326469 eV) (57) 

= pM.I51 eV^ 0.326469 eV 
2 5 The vibrational and rotational energies of fractional- 

Rydberg-state hydrogen molecular ion H^(\i pY and molecular 
hydrogen H^il/p) are p^ those of //; and //j, respectively. Thus, 
the vibrational energies E^ for the t7 = 0 to u=l transition of 
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hydrogcn-typc molecular ions H^iyipY are (R. L. Mills, "The 
Nature of the Chemical Bond Revisited and an Alternative 
Maxwellian Approach", U Nuovo Cimento, submitted] 

E^^p^Q21ieV (58) 
5 where p is an integer and the experimental vibrational energy 
for the i>==0 to v = l transition of h; E^^^^^^^^ is given by 

Karplus and Porter [M. Karplus. R. N. Porter, Atoms and 
Molecules an Introduction for Students of Physical Chemistry^ 
The Benjamin/ Cummings Publishing Company, Menlo Park, 
1 0 California, (1970), pp, 447-484] and NIST [NIST Atomic Spectra 
Database. www.physicsjiist.gov/cgi-bin/AlData/display.ksh]. 
Similarly, the rotational energies for tlie 7 to y-i-1 transition 

of hydrogen-type molecular ions H^{\l p)' are [R. L. Mills, "The 
Nature of the Chemical Bond Revisited and an Alternative 
15 Maxwellian Approach", 11 Nuovo Cimento. submitted] 

E^, - ^,4, - = y + 1] = P\J + 1)0.00739 eV (59) 

where p is an integer, / is the moment of inertia, and the 
experimental rotational energy for Ihe J = 0 to 7 = 1 transition of 
i/j is given by Atkins [P. W. Atkins, Physical Chemistry^ Second 
20 Edition, W, H. Freeman, San Francisco, (1982), p. 589]. 

The vibrational energies for the t;=0 to tJ = l transition 
of hydrogen-type molecules H^{\f p) are (R. L. Mills, Y. Lu, J. He, 
M, Nanstcel, P. Ray. X. Chen, A. Voigt, B, Dhandapani. "Spectral 
Identification of New Stales of Hydrogen", J. Phys. Chem. B, 

2 5 submitted] 

=^P^0.5 15902^7 (60) 
where p is aa integer and the experimental vibrational energy 
for the i;=0 to v = \ transition of £i/,(„.o-^,v=i) 8^^^" by Beutier 
[H, Beutier, Z. Physical Chem., "Die dissoziationswarme des 

3 0 wasscrstoffmolekuls H^, aus einem neuen ultravioletten * 

rcsonanzbandenizug bestimmt". Vol. 27B, (1934), pp. 287-302] 
and Herzberg [G. Herzberg, L, L. Howe, "The Lyman bands of 
molecular hydrogen". Can. J. Phys., Vol. 37, (1959), pp. 636-659]. 
The harnoonic oscillator potential energy function can be 

3 5 expanded about the internuclcar distance and expressed as a 

Maclaurin series corresponding to a Morse potential after 
Karplus and Porter (K&P) [M. Karplus, R. N. Porter. Atoms and 
Molecules an Introduction for Students of Physical Chemistry, 
The Benjamin/Cummings Publishing Company, Menlo Park, 

4 0 California, (1970), pp. 447-484] and after Eq. (96) of Ref. [R. L. 

Mills, Y. Lu, i He. M. Nanstcel, P. Ray, X. Chen, A. Voigt. B. 
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-^1^ (62) 



Dhandapani, "Spectral Identification of New States of Hydrogen", 
J. Phys. Chem. B. submitted]. Treating the Maclaurln series 
terms as anharraonic perturbation terms of the harmonic states, 
the energy corrections can be found by perturbation methods 
The energy of state v is 

i^u = --^v- lK^o» ^ - 0,1.2,3... (6 1 ) 

where 

From Eqs. (57), (60), and (62) 

100Ac^8.06573XI O' ~- p^O^ i59ev] 

"'^ ~ " 44/,'4.15leV + /,^0.326469eV) ' ^ 

Using Eqs. (60-63) with /j = l gives 

P„ = 04161 cm-' - u(u - 1)1 19.9 cm"' 

£^4.=^>0.5159eV-u(u-l)0.01486eV' " = (64) 
where the calculated 0},x^ = U9.9 ctn' for K, is in agreement with 
the literature values of 117.91cm-' from K&P and 121.34 cw"' from 

J 5 Lide [D. R. Lide. CRC Handbook of Chemistry and Physics. 79 th 
Edition. CRC Press. Boca Raton, Florida, (1998-9), p. 9-82]. 

Similarly to H^(l/p)\ the rotational energies E„ for the / 
to y+l transition of hydrogen-type molecules //,(l/p) are [R. L. 
Mills. Y. Lu. J. He. M. Nansteel. P. Ray. X. Chen, A. Voigt, B. 

20 Dhaiidapani, "Spectral Identification of New States of Hydrogen" 
J. Phys. Chem. B, submitted] ' 

= - ^/ = yU + Ij = p^J + 1)0.01509 eV (65) 

where p is an integer, / is the moment of inertia, and the 
experimental rotational energy for the /=0 to 7=1 transiUon of 

2 5 H, IS given by Atkins [P. W. Atkins, Physical Chemistry, Second 
Edition, W. H. Freeman, San Francisco, (1982), p. 589J. 

The dependence of the rotational energies results from 
an inverse p dependence of the internuclear distance and the 
corresponding impact on /. The predicted internuclear distances 

30 2d for «,(l/p)' and /i,{l/p) are 

(66) 

and 



^ (67) 



respectively. 
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The catalysis reaction product //{1/4) was predicted to 
further react to form a new molecular ion H^{l/4y, Emission due 
to the reaction i/(l/4) + /r^ ^f,(l/4)* with vibronic coupHng with 
the resonant state H^[\l2y within the transition state was given 
5 by the previously derived formula [R, L. Mills, Y. Lu, J. He, M. 
Nanstccl, P. Ray, X Chen, A. Voigt, B. Dhandapani, "Spectral 
IdentificaUon of New Stales of Hydrogen", J. Phys. Chcm. B, 
submitted]: 

, ,v . !>* = 0,1.2,3... (68) 

= 48.16-1 w*+ijl.l72eV 

0 where £o(ft,(i/4)*) is the bond energy of //,(l/4f and B^^ is Uie 

transition-State vibrational energy of H^, The predicted 
emission was observed for u*=:0,I,2.3...24, and the series 
terminated at about 25,7 nm corresponding to the predicted 
bond energy of //i(l/4)* of 48.16 cV [R. L. Mills, Y. Lu, L He, M. 

5 Nansteel, P, Ray, X. Chen, A. Voigt, B. Dhandapani, "Spectral 
IdentificaUon of New States of Hydrogen", J. Phys. Chcm. B, 
submitted; R. Mills, J. He, B. Dhandapani, P» Ray, 'Comparison of 
Catalysts and Microwave Plasma Sources of Vibrational Spectral 
Omission of Fractional-Rydberg-State Hydrogen Molecular Ion\ 

0 Canadian Journal of Physics, submitted; R. Mills, J, He, A. 

Echezuria, B Dhandapani, P. Ray, "Comparison of Catalysts and 
Plasma Sources of Vibrational Spectral Emission of Fractional- 
Rydberg-State Hydrogen Molecular Ion". European Journal of 
Physics D, submitted, and R. Mills. P. Ray, "Vibrational Spectral 

5 Emission of Fractional-Principal-Quantum-Energy-Levcl 

Hydrogen Molecular Ion", Int. J, Hydrogen Energy. Vol. 27, No. 5, 
(2002), pp. 533-564 which are herein incorporated by 
rcferencel. 

The rotational energies provide a very precise measure of 
) / and the internuclear distance using well established theory [M. 
Karplus, R. N. Porter, Atoms and Molecules an Introduction for 
Students of Physical Chemistry, The Benjamin/Cummings 
Publishing Company, Menlo Park, California, (1970), pp. 447- 
484}. Neutral molecular emission was anticipated for high 
') pressure argon-hydrogen plasmas excited by a 15 keV electron 
beam. Rotational lines for H^(\iA) were anticipated and sought in 
the 150-250 nm region. The spectral lines were compared to 
those predicted by Eqs. (60) and (65) corresponding to Uie 
mternuclcar distance of 1/4 that of given by Eq. (67), The 
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35 



SmlTp"^'?rm' « = vibration-rotational scries 

of H^(l/4) (Eqs. (60) and (65)) are 

= '*^»»//.(«-o-.wi)±4»(J + l)£';„;,, , 7=0.1,2,3... (69) 
=8.254432 « V'±(y+ 1)0.24144 
for p = 4. Rotational lines were observed in the 145-300 nm 
:> region from atmospheric pressure electron-beam excited areon- 
hydrogcn plasmas. The unprecedented energy spacing of / 
times that of hydrogen established the intcrnuclear distance as 
1/4 tha of and identified «,(i/4) [R. L. MUls. Y. L«. J. He. M 
10 l^T-r' ^ J^handapani. "S^ctral 

Two //(1/2) may react to form /f,(i/2) with emission of the 
bond energy from a resonant state within its transition state 
With Vibration-rotational energies that are the same as those of 

A series of vibration-rotational bands in the 60-67 nm 
region, » high-energy region for which vibraUon-rotational 
spectra are ordinarily unknown, was observed from low- 
maS ,^;^"""-j^ydr«gen (99/1%) microwave plasmas that 

0 nf H K ? ^rt'^^'f ^"^'^y 'P^*''"8 vibrational energy 

O of H about the bond energy of //,(i/2) corresponding to the 

reacuon 2/ (1/2 «,(,/2) fR. L. Mills, Y. Lu. B Dhan^pani. 
Spectral Identification of H,{V1)", submitted]. 

The product H,(yp) gas was isolated by liquefaction at 
iiquid nitrogen temperature. Helium-hydrogen (90/10%) plasma 
5 gases were flowed through a high-vacuum (IQ- Torr) capable 
hquid nitrogen (LN) cryotrap. and the condensed was 
characterized by '// nuclear magnetic resonance (NMR) of the 
LN-condensaWe gas dissolved in CDCl,. Other sources of 
hydrogen such as hydrocarbons were eliminated by mass 

STrr '"f"^-^ spectroscopy 

(FTIR ) The >// NMR resonance of H,H,p) is predicted to be 

upfield rom that of due to the fractional radius in elliptic 
coordinates wherein the electrons are significantly closer to the 
nuclei. The predicted shift ^ for H^^Up) derived previously 

SeJ!!iII? ^ "-^^ N«t"re of the 

Approach- ^" Maxwellian 
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J.-;^[.-^,.|±lj_£__(,,^, (70) 

^ - -{28.0 1 + OMp]ppm (71) 

where p=0 for //^ since there is no relativistic effect and 
p = integer >1 for H^{l/p). 

5 In addition to liquefaction at liquid nitrogen temperature, 

^ti^p) gas was also isolated by decomposition of compounds 
found to contain the corresponding hydride ions H'(l/p), The 

total shift -j^ was calculated previously ( 03 Mills GUT, Chp. 7, 

and R. Mills, P. Ray. B. Dhandapani. W. Good, P. Jansson, M. 

I 0 Nansteel, J. He. A. Voigt, "Spectroscopic and NMR Identification of 
Novel Hydride Ions in Fractional Quantum Energy States Formed 
by an Exothermic Reaction of Atomic Hydrogen with Certain 
Catalysts", European Physical Journal-Applied Physics, 
submitted] for the hydride ions H-{l/p) having a fractional 

I 5 principal quantum number. The shift was given by the sum of 
tliat of ordinary hydride ion IF and a component due to a 
relativistic effect; 

where />=o for //" since Uiere is no relativlsdc effect and 

20 = integer > I for //-(I/;,). The experimental absolute resonance 
shift of tetramethylsilane (TMS) is -31.5 ppm relative to the 
proton's gyromagnetic frequency. The results of 'W MAS NMR 
spectroscopy were given previously [R. Mills, P. Ray, B. 
Dhandapani, W. Good. P. Jansson, M. Nansteel. J. He, A. Voigt, 

25 "Spectroscopic and NMR Identification of Novel Hydride Ions in 
FracUonal Quantum Energy States Formed by an Exothermic 
Reaction of Atomic Hydrogen with Certain Catalysts", European 
Physical Journal- Applied I^hysics. submitted; R. Mills, B. 
Dhandapani, M. Nansteel, J. He. T. Shannon, A. Echezuria. 

30 "Synthesis and Characterization of Novel Hydride Compounds" 
Int. J. of Hydrogen Energy. Vol. 26, No. 4. (2001), pp. 339-367- R 
Mills, B. Dhandapani, N. Grcenig. J. He, "Synthesis and 
Characterization of Potassium lodo Hydride". Int. J. of Hydrogen 
Energy, Vol. 25, Issue 12, December. (2000), pp. 1185-1203- R 

3 5 Mills, B. Dhandapani, M. Nansteel, J. He, A. Voigt. "IdenUficiition 
of Compounds ConUining Novel Hydride Ions by Nuclear 
Magnetic Resonance Spectroscopy", Int. J. Hydrogen Energy Vol 
26, No. 9. (2001), pp. 965-979J on control and novel hydrides 
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synthesized using atomic potassium as a hydrogen catalyst 
wherein the tripJe ionization reaction of K Co K^"^, has a net 
enthalpy of reaction of 81.7766 eV^, which is equivalent to 
3*27.2 €V. The KH experimental shift of +L3 ppm relative to 
5 TMS corresponding to absolute resonance shift of -30.2 ppm 
matched very well the predicted shift of ir of -30 ppm given 
by Eq. (72). The MAS NMR spectrum of novel compound 
KH*Cl relative to external tetramelhylsilane (TMS) showed a 
large distinct upficld resonance at -4.4 ppm corresponding to an 
0 absolute resonance shift of -35.9 ppm that matched the 

theoretical prediction of p - 4, A novel peak of KH*r at -1.5 
ppm relative to TMS corresponding to an absolute resonance 
shift of '33.0 ppm matched the theoretical prediction of p-2. 
The predicted catalyst reactions, position of the upfield-shdftcd 
5 NMR peaks, and spectroscopic data for Jtr{\n) and ir{\/4) were 
found to be in agreement [R. L. Mills, "Tlic Nature of the 
Chemical Bond Revisited and an Alternative Maxwellian 
Approach", II Nuovo Cimento, submitted; R. Mills, P. Ray, B, 
Dhandapani, W. Good, P, Jansson, M. Nansteel, J. He, A. Voigt. 
"Spectroscopic and NMR Identification of Novel Hydride Ions in 
Fractional Quantum Energy States Formed by an Exothermic 
Reaction of Atomic Hydrogen with Certain Catalysts", European 
Physical Journal-Applied Physics, submitted; '03 Mills GUT, Chp. 
7]. 

The decompositiow reaction of H''{Vp) is 

2M'^H'{lJpy--^H^{y p)-h2M (73) 
where A/* is a metal ion. NMR peaks of H^(\lp) given by Eqs. 
(70-71) provide a direct test of whether compounds such as 
KH*1 contain hydride ions in the same fractional quantum state 
p\ Furthermore, the observation of a series of singlet peaks 
upficld of 74 with a predicted integer spacing of 0.64 ppm 
provides a powerful means to confirm the existence of H^{\lp)^ 

^M^fp) gas isolated by liquefaction at liquid nitrogen 
temperature and by decomposition of compounds found to 
contain the corresponding hydride ions H {l/p) was dissolved in 
CDC7, and characterized by '// NMR, Considering solvent effects, 
singlet peaks upfield of were observed with a predicted 
integer spacing of 0.64 ppm at 3.47, 3.03. 2.18. 1,25, 0.85, and 
0.22 ppm which matched the consecutive series H^iin), //j(l/3). 
//2(l/4), //j(l/5), //j(l/6), and /^(l/?). respectively. 

The cxoihermic helium plasma catalysis of atomic 
hydrogen was shown previously [R, L. Mills, P. Ray, B. 
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Dhandapani, R. M. Mayo, J. He, "Comparisoa of Excessive Balmer 
a Line Broadening of Glow Discharge and Microwave Hydrogen 
Plasmas with Certain Catalysts", J. of Applied Physics, Vol. 92 
No. 12, (2002), pp, 7008-7022; R. L. Mills, Ray, B. Dhandapani, 

5 J. He, "Comparison of Excessive Balmer a Line Broadening of 
Inductively and Capacitively Coupled RF, Microwave, and Glow 
Discharge Hydrogen Plasmas with Certain Catalysts", IEEE 
Transactions on Plasma Science, Vol, 31, No. (2003X pp. 338- 
355] by the observation of an average hydrogen atom 

0 temperature of 180 -2 10 for helium-hydrogen mixed plasmas 
versus =3eV^ for hydrogen alone. Since the electronic transitions 
are very energetic power balances of helium-hydrogen plasmas 
compared to control krypton plasmas were measured using 
water bath calorimetry. Excess power was absolutely measured 

5 from the helium-hydrogen plasma. For an input of 41.9 W, the 
total plasma power of the helium-hydrogen plasma measured by 
water bath calorimetry was 62.1 W corresponding to 20.2 W of 
excess power in 3 c/n' plasma volume. The excess power density 
and energy balance were high, 6.7 H^/cm^ and -5 A X iO"^ kJ / mole 

0 {2Z0 eV / H atom), respectively. 

The hydrino hydride ion of the present invention can be 
formed by the reaction of an electron source with a hydrino, that 

is, a hydrogen atom having a binding energy of about ^M^}^ 
1 . ' 

where and p is an integer greater than L The hydrino 

5 hydride ion is represented by //~(n=l/p)or fr{l/p): 

^[^]+^^-^^(« = l/p) (74a) 



+e--^H'(l/p) (74b) 

The hydrino hydride ion is distinguished from an ordinary 

hydride ion comprising an ordinary hydrogen nucleus and two 

0 electrons having a binding energy of about 0,8 eV. The latter is 

hereafter referred to as "ordinary hydride ion" or "normal 

hydride ion" The hydrino hydride ion comprises a hydrogen 

nucleus including proteum, deuterium, or tritium, and two 

indistinguishable electrons at a binding energy according to Eq. 
(75). 

The binding energy of a novel hydrino hydride ion can be 
represented by the following formula: 
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Binding Energy = ^^J^^^ ^ £?fo^ 



1 

— + 



(75) 



where p is an integer greater than one, ^ = 1/2, ^ris pi, h is 
Planck's constant bar, fi^ is the permeability of vacuum, is the 
mass of Uie electron, is the reduced electron mass given by 

^* — Where is the mass of the proton, a„ is the radius 

13 ' 




of the hydrogen atom, is the Bohr radius, and e is the 
elementary charge. The radii are given by 

^2 -'-J V^(^); s^^ (76) 

The binding energies of the hydrino hydride ioa, 
10 H~{n-^\lp) as a function of />, where p is an integer, are shown 
in TABLE 2. 
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TABLE 2. The representative binding energy of the hydrino 
hydride ion }r{n = l/p) as a function of p, Eq. (75). 



Hydride Ion r, Binding Wavelength 

5 (a^)a Energy (eV)^ (nm) 





rr(n = 1) 


1.8660 


0.7542 


1644 




//~(ii = l/2) 


0.9330 


3.047 


406.9 




= 1/3) 


0.6220 


6.610 


187.6 


10 


H-{n = 1/4) 


0.4665 


11.23 


110.4 




H"(/2 = l/5) 


0.3732 


16.70 


74.23 




H~(n-\/6) 


0 31 10 


w S 






** \ft — *f if 


V/. ^Ovu 








H'{n = m) 


0.2333 


36.09 


34.46 


15 


/r(n = 1/9) 


0.2O73 


42.84 


28.94 




//■(«=: 1/10) 


0.1 S66 


49.38 


25.11 




ff(n = i/li) 


0.1696 


55.50 


22.34 




/r(rt = i/i2) 


0.1555 


60.98 


20.33 




/r{n = l/13) 


0.1435 


65.63 


18.89 


20 


= 1/14) 


0.1333 


69.22 


17.91 






0.1244 


71.55 


17.33 




/f"(«-l/l6) 


0. M 66 


72.40 


17.12 




/r(/? = i/i7) 


0.1098 


71.56 


17.33 




//"(« = 1/18) 


0.1037 


68.83 


18.01 


25 


= 1/19) 


0.0982 


63.98 


19.38 




«^"(n = l/20) 


0.0933 


56.81 


21.82 




/r(n = 1/21) 


0.0889 


47.11 


26.32 




//'(n = l/22) 


0.0848 


34,66 


35.76 




/r(« = i/23) 


0.08 11 


19.26 


64.36 


30 


//"(n = l/24) 


0.0778 


0.6945 


1785 



a Eq. (76) 



b Eq. (75) 



3 5 The existence of novel alkaline and alkaline earth hydride 

and halido-hydrides were also previously identified by large 
distinct upfield NMR re.sonances compared to the NMR peaks 
of the corresponding ordinary hydrides [R. Mills, B. Dhandapani, 
M. Nansleel, J. He, T. Shannon, A. Echezuria, "Syntiiesis and 

40 Characterization of Novel Hydride Compounds", InL J. of 

Hydrogen Energy, Vol. 26, No. 4, (2001), pp. 339-367; R. Mills, B. 
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Dhandapani, N. Greenig, J. He, "Synthesis and Characterization of 
Potassium lodo Hydride", Int. J. of Hydrogen Energy, Vol. 25 
Issue 12. December, (20OO), pp. 1185-1203; R. Mills, B. 
Dhandapani, M. Nansteel, J. He, A. Voigt, "Identification of 
Compounds Containing Novel Hydride Ions by Nuclear Magnetic 
Resonance Spectroscopy", Int. J. Hydrogen Energy, Vol. 26. No. 9, 
(2001), pp. 965-979.]. Using a number of analytical techniques' 
such as XPS and tinie-of-flight-secondary-raass-spectroscopy 
(ToF-SIMS) as well as NMR, the hydrogen content was assigned 
to fr{Up), novel bigh-binding-energy hydride ions in stable 
fractional principal quantum slates (R. Mills, B. Dhandapani. M. 
Nansteel, J. He, T. Shannon, A. Ecbezuria, "Synthesis and 
Characterization of Novel Hydride Compounds". Int. J. of 
Hydrogen Energy. Vol. 26, No. 4. (2001), pp. 339-367; R. Mills. B. 
Dhandapani, N. Greenig, J. He, "Synthesis and Characterization of 
Potassium lodo Hydride", Int. J. of Hydrogen Energy. Vol 25 
Issue 12, December, (200O). pp. H85-1203; R. L. Mills, B. 
Dhandapani, J. He, "Highly Stable Amorphous Silicon Hydride" 
Solar Energy Materials & Solar Cells, Vol. 80, No. I, pp. 1-20]. 
The synthesis reactions typically involve metal ion catalysts. 
For example, Rb* to Rb^'^ and to K+K^* each provide a 
reaction with a net enthalpy equal to the potential energy of 
atomic hydrogen. It was reported previously [R. L. Mills, P. Ray. 
"A Comprehensive Study of Spectra of the Bound-Free Hyperfin'e 
5 Uvels of Novel Hydride Ion //-(1/2). Hydrogen. Nitrogen, and 
Air", Int. J. Hydrogen Energy, Vol. 28, No. 8, (2003). pp. 825-871) 
that the presence of these gaseous ions with thermally 
dissociated hydrogen formed a hydrogen plasma with hydrogen 
atom energies of 17 and 12 eV respectively, compared to 3 eV 
0 for a hydrogen microwave plasma. The energetic catalytic 
reaction involves a resonance energy transfer between 
hydrogen atoms and Rb* or 2K* to form a very stable novel 
hydride ion ff-(I/2). Its predicted binding energy of 3.0468 eV 
was observed by high resolution visible spectroscopy as a 
5 continuum threshold at 406.82 nm, and a structured, strong 
emission peak was observed at 407.1 nm corresponding to the 
fine stmcture and hyperfine structure of //(1/2). From the 
electron g factor, bound-free hyperfine structure lines of //•(1/2) 
were predicted with energies E„p given by 

= 7^3.00213 10-* + 3.0563 eV (j is an integer) as an inverse 
Rydberg-typc scries from 3.0563 eV to 3.1012 cV— the hydride 
bmding energy peak with the fine structure plus one and five 
times the spin-pairing energy, respectively. The high resolution 
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visible plasma emission spectra in the region of 399.5 to 406.0 
nra matched the predicted emission lines for \ to with 
the series edge at 399.63 nra up to 1 part in 10^. 

5 2.3 Hydrogen Plasma 

Developed sources that provide a suitable intensity 
hydrogen plasmas are high voltage discharges, synchrotron 
devices, inductively coupled plasma generators, and 
magnetically confined plasmas. In contrast to the high electric 

1 0 fields, power densities, and temperatures of prior sources, an 
intense hydrogen plasma is generated at low gas temperatures 
(e.g. ^10^ K) with a very low field (IV/cm) from atomic 
hydrogen and certain atomized elements or certain gaseous ions 
which singly or multiply ionize at integer multiples of the 

15 potential energy of atomic hydrogen, m-27.2eV [R. Mills, J. Dong. 
Y. Lu, "Observation of Extreme Ultraviolet Hydrogen Emission 
from Incaadescently Heated Hydrogen Gas with Certain 
Catalysts", Inl. J. Hydrogen Energy, Vol. 25, (2000), pp. 919-943 
which is incorporated by reference]. The so-called resonant 

20 transfer or rt-plasma of one embodiment of the present 
invention forms by a resonant energy transfer mechanism 
involving the species providing a net enthalpy of a multiple of 
21.2 eV and atomic hydrogen. 

2 5 2.4 UV and BUV Laser 

Excited vibration-rotational states of molecules comprise 
an inverted population in the case that a lower state to which a 
transition occurs is not normally populated. This is the basis of 
common gas lasers such as the CO^ laser. Since vibrational 

30 levels are on the order of O.I eV and rotational levels are on the 
order of 0.005 eV, lasing typically occurs in the infrared. 
However, since H^iilp) has vibrational and rotational energies 
that arc times those of the species comprising uncatalyzxjd 
atomic hydrogen where p is an integer, lasing in the visible 

35 through the extreme ultraviolet is possible. Breakthrough 
applications in UV and EUV photolithography and X-ray laser 
applications are made possible. 

II. SUMMARY OF THE INVENTION 
4 0 An object of the present invention is to generate laser light 

from molecular vibration-rotational transitions. 

A further object of the present invention is generate short 
wavelength laser light such as visible, ultraviolet, extreme 
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ultraviolet, and soft X-ray laser light using molecular vibration- 
rotational transitions. 

Another objective of the present invention is to generate a 
plasma and a source of light such as high energy light such as 
5 visible, ultraviolet, extreme ultraviolet, and soft X-ray, and 
energetic particles via the catalysis of atomic hydrogen. 

Another objective of tlie present invention is to create an 
inverted population of an energy level of a molecule capable of 
lasing such as a vibraiion-rotational level of H^{l/p). 
1 0 Another objective of the present invention is to generate a 

plasma and power and novel hydrogen species and compositions 
of matter comprising new forms of hydrogen via the catalysis of 
atomic hydrogen. 

Another objective of the present invention is to generate 
15 the laser medium insitu. The laser medium may be formed due 
to the catalysis of atomic hydrogen. The laser medium formed 
insitu may comprise H^{\Jp), 

Another objective of the present invention is to form the 
inverted population due to at least one of input power and 
20 catalysis of atomic hydrogen to lower -energy states. In - an 
embodiment, H^{il p) is formed insitu due to the catalysis of 

atomic hydrogen, the catalysis cell serves as the laser cavity, 
and an inverted population may be formed due to at least one of 
catalysis of atomic hydrogen and input power. 

25 

1. Catalysis of Hydrogen to Form Novel Hydrogen Species and 
Compositioas of Matter Comprising New Forms of Hydrogen 

The above objectives and oUier objectives are achieved by 
the present invention comprising a power source and hydrogen 
3 0 reactor. The power source and reactor comprises a cell for the 
catalysis of atomic hydrogen to form novel hydrogen species and 
compositions of matter comprising new forms of hydrogen. The 
novel hydrogen compositions of matter comprise: 

(a) at least one neutral, positive, or negative hydrogen 

3 5 species (hereinafter "increased binding energy hydrogen 

species") having a binding energy 

(i) greater than the binding energy of the 
corresponding ordinary hydrogen species, or 

(ii) greater than the binding energy of any hydrogen 

4 0 species for which the corresponding ordinary hydrogen species 

is unstable or is not observed because the ordinary hydrogen 
species' binding energy is less than thermal energies at ambient 
conditions (standard temperature and pressure, STP), or is 
negative; and 
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(b) at least one other element. The compounds of the 
inventioa aie hereinafter referred to as "increased binding 
energy hydrogen compounds". 

By "other element" in this context is meant an clement 
5 other than an increased binding energy hydrogen species. Thus, 
the other element can be an ordinary hydrogen species, or any 
element other than hydrogen. In one group of compounds, the 
other element and the increased binding energy hydrogen 
species are neutral. In another group of compounds, the other 
1 0 element and increased binding energy hydrogen species are 
charged such that the other element provides the balancing 
charge to form a neutral compound. The former group of 
compounds is characterized by molecular and coordinate 
bonding; the latter group is characterized by ionic bonding. 
15 Also provided arc novel compounds and molecular ions 

comprising 

(a) at least one neutral, positive, or negative hydrogen 
species (hereinafter "increased binding energy hydrogen 
species") having a total energy 

20 (i) greater than the total energy of the corresponding 

ordinary hydrogen species, or 

(ii) greater than the total energy of any hydrogen 

species for which the corresponding ordinary hydrogen species 

is unstable or is not observed because the ordinary hydrogen 
25 species' total energy is less than thermal energies at ambient 

conditions, or is negative; and 

(b) at least one other element. 

The total energy of tlie hydrogen species is the sum of the 
energies to remove all of the electrons from the hydrogen 

3 0 species. The hydrogen species according to the present 

invention has a total energy greater than the total energy of the 
corresponding ordinary hydrogen species. The hydrogen species 
having an increased total energy according to the present 
invention is also referred to as an "increased binding energy 

3 5 hydrogen species" even though some embodiments of the 

hydrogen species having an increased total energy may have a 
first electron binding energy less that the first electron binding 
energy of the corresponding ordinary hydrogen species. For 
example, the hydride ion of Eq. (75) for /7 = 24 has a first binding 

40 energy that is less than the first binding energy of ordinary 

hydride ion, while the total energy of the hydride ion of Eq. (75) 
for p = 24 is much greater than the total energy of the 
corresponding ordinary hydride ion. 

Also provided are novel compounds and molecular ions 
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comprising 

(a) a plurality of neutral, positive, or negative hydrogen 
species (hereinafter "increased binding energy hydrogen 
species") having a binding energy 

5 (i) greater than the binding energy of the 

corresponding ordinary hydrogen species, or 

(ii) greater than the binding energy of any hydrogen 

species for which the corresponding ordinary hydrogen species 

js unstable or is not observed because the ordinary hydrogen 
0 species' binding energy is less than thermal energies at ambient 

conditions or is negative; and 

(b) optionally one other element. The compounds of the 
invention are hereinafter referred to as "increased binding 
energy hydrogen compounds". 

5 The increased binding energy hydrogen species can be 

formed by reacting one or more hydrino atoms with one or more 
of an electron, hydrino atom, a compound containing at least one 
of said increased binding energy hydrogen species, and at least 
one other atom, molecule, or ion other than an increased binding 

0 energy hydrogen species. 

Also provided are novel compounds and molecular ions 
comprising 

(a) a plurality of neutral, positive, or negative hydrogen 
species (hereinafter "increased binding energy hydrogen 

5 species") having a total energy 

(i) greater than the total energy of ordinary 
molecular hydrogen, or 

(ii) greater than the total energy of any hydrogen 
species for which the corresponding ordinary hydrogen species 

0 IS unstable or is not observed because the ordinary hydrogen 
species* total energy is less than thermal energies at ambient 
conditions or is negative; and 

(b) optionally one other elemeat. The compounds of the 
invention are hereinafter referred to as "increased binding 

5 energy hydrogen compounds". 

The total energy of the increased total energy hydrogen species 
IS the sum of the energies to remove all of the electrons from 
the increased total energy hydrogen species. The total energy of 
the ordinary hydrogen species is the sum of the energies to 
remove all of the electrons from the ordinary hydrogen species. 
The mcreased total energy hydrogen species is referred to as an 
increased binding energy hydrogen species, even though some 
of the increased binding energy hydrogen species may have a 
first electron binding energy less than the first electron binding 
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energy ot ordinary molecular hydrogen. However, the total 
energy of the increased binding energy hydrogen species is 

hydTollT^' ^"^^ ^""^ molecular 

In one embodiment of the invention, the increased binding 
energy hydrogen species can be //„ and Ii; where n is a positive 
integer or where n is a posiUve integer greater than one 
Preferably, the increased binding energy hydrogen species is // 
and h: where n is an integer from one to about 1 X 10* more 
preferably one to about IXIQ\ even more preferably one to 
about iXiO. and most preferably one to about 10, and /f* 
where n is an integer from two to about IXIO', more preferably 
two to about 1X10% even more preferably two to about IX 10' 
and most preferably two to about 10. A specific example of fi- 
1 5 ts 

In an embodiment of the invention, the ijicreased bindine 
energy hydrogen species can be where n and m are positive 
integers and //.- where n and m are positive integers with n,<n 
Pieferably, tlie . increased binding energy hydrogen species is 
H, Where n is an integer from one to about 1 X 10*. more 
preferably one to about 1X10% even more preferably one to 
about 1X10 . and most preferably one to about 10 and m is an 
integer from one to 100. one to ten. and where n is an 
integer from two to about 1X10% more preferably two to about 
1X10, even more preferably two to about IX10\ and most 
preferably two to about 10 and m is one to about 100 
preferably one to ten. ' 

According to a preferred embodiment of the invention a 
compound IS provided, comprising at least one increased binding 
^Tw^A 'P.^"^ selected from the group consisting of 

(a) hydride ,on havmg a binding energy according to Eq. (75) 

OS .V. T^*" "'^ "^"^'"S °^ ^'•'*'"«^y ^y^"^^ ion (about 
!Z r ^' ^^'^ f'^' ^ = 24 ("increased binding 

energy hydride ion" or "hydrino hydride ion"); (b) hydrogen 
atom having a binding energy greater than the binding energy 
of ordinary hydrogen atom (about 13.6 eV) ("increased binding 

ZIZ ^'rT." 'T" °' (-) hydrogen molecule 

havmg a first binding energy greater than about 15.3 eV 

{ increased bindmg energy hydrogen molecule" or "dihydrino")- 
an. (d) molecular hydrogen ion having a binding energy greater 
than about 16.3 eV ("increased bindi„| energy molecufar 



25 
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hydrogen ion" or "dihydrino molecular ion">. 

The corapounds of the present invention are capable of 
exhibiting one or more unique properties which distinguishes 
them from the corresponding compound comprising ordinary 
5 hydrogen, if such ordinary hydrogen compound exists. The 
unique properties include, for example, (a) a unique 

, (C) one or more • 
extraordinary chemical properties such as conductivity, melting 
point, boiling point, density, and refracUve index; (d) unique 
10 reactivity to other elements and compounds; (e) enhanced 

stability at room temperature and above; and/or (0 enhanced 
stability in air and/or water. Methods for distinguishing the 
increased binding energy hydrogen-containing compounds from 
compounds of ordinary hydrogen include: I.) elemental analysis. 

v;nt ^ ^' ""''r"^' "^-^ ""^''^'^S point. 5.) boiling poin^ 6.) 
vapor pressure as a function of temperature, 7.) refractive 
index, 8.) X-ray photoeleclron spectroscopy (XPS) 9 ) gas 
chromatography. 10.) X-ray diffraction (XRD). 11.) ■calorimetry. 
12.) infrared spectroscopy (IR). 13.) Raman spectroscopy. 14 ) 
0 Mossbauer spectroscopy. 15.) extreme ultraviolet (EUV) 
emission and absorption spectroscopy. 16.) ultraviolet (UV) 
emission and absorption spectroscopy. 17.) visible emission and 
absorption spectroscopy, 18.) nuclear magnetic resonance 
spectroscopy. 19.) gas phase mass spectroscopy of a heated 
5 sample (solids probe and direct exposure probe quadrapole and 
magnetic sector mass spectroscopy), 20.) time-of-night- 
secondary-ion-mass-spectroscopy (TOFSIMS). 21.) clectrospray- 
lonization-time-of-flight-mass-spectroscopy (ESITOFMS) 22 ) 
therraogravimetric analysis (TGA), 23.) differential themal 
analysis (DTA), 24.) differential scanning calorimetry (DSC) 25 ) 
liquid chromatograpby/mass spectroscopy (LCMS), and/or 26 ) 
gas chromatography/mass spectroscopy (GC3VIS). 

to the present invention, a hydrino hydride ion 
(H ) having a binding energy according to Eq. (75) that is greater 
than the binding of ordinary hydride ion (about 0.8 cV) for p = 2 
up to 23. and less for p^24 (IT) is provided. For to ^ = 24 of 
U2 ifl^'R^l^t '^'^ respectively 3. 6.6. 

71.6, 724. 7J.6. 68.8, 64.0, 56.8. 47.1. 34.7. 19.3. and 0.69 ^V. 
Compositions comprising the novel hydride ion arc also 
provided. 

. Novel corapounds arc provided comprising one or more 

comZnS' "''r °' Such a 

compound is referred to as a hvdrino hvHri^. rmru-l 
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Ordinary hydrogen species arc characterized by the 
fol owing binding energies (a) hydride ion, 0,754 eV ("ordinarv 
hydride ion"); (b) hydrogen atom ("ordinary hydrogen atom"), 
13.6 eV; (c) diatomic hydrogen molecule, 15.46 eV ("ordinarv 
hydrogen molecule"); (d) hydrogen molecular ion, 16.3 eV 
("ordinary hydrogen molecular ion"); and (e) H^, 22 6 eV 
("ordinary trihydrogen molecular ion"). Herein.' with reference 
10 forms of hydrogen, "normal" and "ordinary" arc synonymous. 

According to a further preferred embodiment of Uie 
invention, a compound is provided comprising at least one 
increased binding energy hydrogen species such as (a) a 
hydrogen atom having a binding energy of about ^^'^^^ 

more preferably ±5%, where p is an 

, ^ Tr^f P'^^^'^'^'y '"t^ge' f^om 2 to 200; (b) a hydride ion 
io ( // ) having a binding energy of about 



10 



1 

.T + 



preferably 



within ±10%, more preferably ±5%, where p is an integer 
preferably an integer from 2 to 200; (c) H;(l/p); (d) a trihydrino 
molecular ion. ///(I/;.), having a binding energy of about 

pj eV preferably witliin ±10%, more preferably ±5%. where p 

is an integer, preferably an integer from 2 to 200; (e) a 
dihydrino having a binding energy of about 

= -p'l6.im2eV~p'0.um5eV~{-p'3l.35leV-p'0.326469eV) 

= />'15.2171 <V+ p'0.207714 eK 
given by Eq. (196) of R. l. Milk. "The Nature of the Chemical 
Bond Revisited and an Alternative Maxwellian Approach" 11 
Nuovo Cimento. submitted which is herein incorporated by 
reference, preferably within ±10%, more preferably ±5* where 
P IS an integer, preferably and integer from 2 to 200- fn'a 
dihydnno molecular ion with a binding energy of about 

-TK^J^ '^^^'/?''''"'^'''^'' S*^^" <197) of R. L. Mills. 

The Nalnre of the Cliemical Bond Revisited and an Alternative 
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Maxwellian Approach\ II Nuovo Cimento, subiuitted which is 
herein incorporated by reference, preferably within ±10%, more 
preferably ±5%, where p is an integer, preferably an integer 
from 2 to 200. 

5 According to one embodiment of the invention wherein 

the compound comprises a negatively charged increased binding 
energy hydrogen species, the compound further comprises one 
or more cations, such as a proton, ordinary Hi, or ordinary 
A method is provided for preparing compounds 
10 comprising at least one increased binding energy hydride ion. 
Such compounds are hereinafter referred to as "hydrino hydride 
compounds". The method comprises reacting atomic hydrogen 
with a catalyst having a net enthalpy of reaction of about 

— '27eV, where m is an integer greater than 1. preferably an 

1 5 integer less than 400, to produce an increased binding energy 

hydrogen atom having a binding energy of about lM_l!l where 

P is an integer, preferably an integer from 2 to 200. A further 
product of the catalysis is energy. The increased binding energy 
hydrogen atom can be reacted with an electron source, to 

2 0 produce an increased binding energy hydride ion. The increased 

bmdmg energy hydride ion can be reacted with one or more 
cations to produce a compound comprising at least one increased 
bmding energy hydride ion. 

2. — Hydrogen Power and Plasma Cell and Refl<^ ior 

The invention is also directed lo a reactor for producing a 
increased binding energy hydrogen compounds of the invention, 
such as dihydrino molecules and hydrino hydride compounds, A 
further product of the catalysis is plasma, light, and power, 

30 Such a reactor is hereinafter referred to as a " hydrogen reactor " 
or " hydro g en p^n ". The hydrogen reactor comprises a cell for 
making hydrinos. The cell for making hydrinos mtay take the 
form of a gas cell, a gas discharge cell, a plasma torch cell, or 
microwave power cell, for example. These exemplary cells 

3 5 which are not meant to be exhaustive are disclosed in Mills Prior 
Publications. Each of these cells comprises: a source of atomic 
hydrogen; at least one of a soHd, molten, liquid, or gaseous 
catalyst for making hydrinos; and a vessel for reacting hydrogen 
and the catalyst for making hydrinos. As used herein and as 

^0 contemplated by the subject invention, the term "hydrogen'' 
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unless specified otherwise, includes not only proieum (Vi), but 
also deuterium Cli) and tritium ('//). 

The reactors described herein as "hydrogen reactors'* are 
capable of producing not only hydrinos, but also the other 
increased binding energy hydrogen species and compounds of 
the present invention. Hence, the designation "hydrogen 
reactors" should not be understood as being limiting witli 
respect to the nature of the increased binding energy hydrogen 
species or compound produced. 

According to one aspect of the present invention^ novel 
compounds are formed from hydrino hydride ions and cations 
wherein the cell further comprises an electron source. Electrons 
from the electron source contact the hydrinos and react to form 
hydrino hydride ions. The reactor produces hydride ions having 
the binding energy of Eq. (75). The cation may be from an 
added reductant, or a cation present in the cell (such as a cation 
comprising the catalyst). 

In an embodiment, a plasma forms in the hydrogen cell as 
a result of the energy released from the catalysis of hydrogen. 
Water vapor may be added to the plasma to increase the 
hydrogen concentration as shown by Kikuchi et al. [J. Kikuchi. M. 
Suzuki, H. Yano, and S. Fujiniura, Proceedings SPIE-The 
International Society for Optical Engineering, (1993), 1803 
(Advanced Techniques for Integrated Circuit Processing II). pp. 
70-76] which is herein incorporated by reference. 

3. Catalysts 

3.1 AtQin and Ion Cataly sts 

In an embodiment^ a catalytic system is provided by the 
ionization of / electrons from a participating species such as an 
atom, an Ion, a molecule, and an ionic or molecular compound to 
a continuum energy level such that the sum of the ionization 
energies of the / electrons is approximately mX27.2eV where m 
is an integer. One such catalytic system involves cesium. The 
first and second ionization energies of cesium are 3.89390 cV and 
23,15745 eV, respectively. The double ionization (/ = 2) reaction of 
Cs to Cs^\ then, has a net enthalpy of reaction of 27.05135 ^V, 
which is equivalent to m = l in Eq. (2a). 



27.05 1 35 €VH-Cs(m)+/fi 




H(py'l)^-p^]Xl3.6eV 



Cs^*^ + 2e^ -) C${m) + 27.05 135 ^V' 



(77) 
(78) 
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And, the overaii reaction is 

Thermal energies may broaden the enthalpy of reaction. The 
relationship between kinetic energy and temperature is given 
by 

3 

For a temperature of 1200 K, the thermal energy is 0.16 
eV, and the net enthalpy of reaction provided by cesium metal 
is 27.21 cV which is an exact match to the desired energy. 

Hydrogen catalysts capable of providing a net enthalpy of 
reaction of approximately mX27.2eV where m is an integer to 
produce hydrino whereby t electrons are ionixed from an atom 
or ion are given infra, A further product of the catalysis is 
energy and plasma. The atoms or ions given in the firei column 
are ionized to provide the net enthalpy of reaction of mXll.leV 
given in the tenth column where m is given in the eleventh 
column. The electrons which arc ionized are given with the 
ionization potential (also called ionization energy or binding 
energy). The ionization potential of the nth electron of the atom 
or ion is designated by /P„ and is given by Linde (D. R. Lide. CRC 
Handbook of Chemistry and Physics. 78 th Edition, CRC Press, 
Boca Raton. Florida, (1997), p. 10^214 to 10-216] which is herein 
incorporated by reference. That is for example, 
Cs'h 3.89390 eV^ CY he" and Cs' +23.15745 eV ^ Cs^' -f e". Tlie first 
ionization potential, //> =3.89390 and the second ionization 
potential, //» =23.15745 ^V, are given in the second and third 
columns, respectively. The net enthalpy of reaction for the 
double ionization of Cs is 27.05135 eV as given in die tenth 
column, and m^i in Eq. (2a) as given in the eleventh column. 
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TABLE 3. Hydrogen Ion or Atom Catalysts 



Catalyst in 



1P2 IP3 IP4 l?5 1P6 IP7 



11 A 
Be 
Ur 
r 
r 
IK 
Ca 

ri 

V 

Cr 

Mil 

Fe 
Fe 
Co 
Co 
Ni 
Ni 
Cu 
Zn 
Izn 
s 



[Kr 
Kr 
Rb 



5.391 
72 

9.322 
63 

15.75 

962 

15.75 

962 

15.75 

962 

4.340 

66 

6.113 
16 

6.828 
2 

6.746 
3 

6.766 
64 

7.434 
02 

7.902 
4 

7.902 
4 

7.881 

7,881 

7.639 
8 

7.639 
8 

7.726 
38 

9.394 
05 

9.394 
05 

9.815 

2 

9.752 
38 

13.99 
96 

13.99 
96 

4.177 
13 

4.177 
1 1 



75.64 
02 

18.21 
12 

27.62 

967 

27.62 

967 

27.62 

967 

31.63 

11.87 
17 

13-57 
55 

14.66 



IP8 GnthaJp m 

X 



40.74 

40.74 59,81 75.02 



45.80 
6 

50.91 67.27 
31 

27-49 43,26 99.3 
1 7 7 

29-31 46.70 65.28 



I 9 
16.48 30.96 
57 

15.64 



17 



16.18 
78 

16.18 
78 

17.08 
3 

17.08 
3 

18.16 
88 

18.16 
88 

20.29 
24 

17.96 
44 

17.96 
44 

18.63 
3 

21.19 

24.35 
99 

24.35 
99 

27.28 
5 

27.28 
5 



33.66 51.2 
8 

30.65 
2 

30.65 54.8 
2 

33.5 51.3 
33.5 51.3 79-5 
35.19 54.9 76.06 
35.19 54.9 76.06 108 



3 

28, 
I 

30. 
04 



40 52.6 71 
40 52.6 7 1 









81.032 3 








27.534 1 








84.1292 3 
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218.959 8 
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91.00 


124.3 




434,291 16 


9 


23 
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81.777 3 








136-17 5 








190-46 7 








162.71 6 








54.212 2 








107-94 4 








54.742 2 








109.54 4 








[09.76 4 
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189.26 7 








191.96 7 


108 
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Nb 
Mq 
Mo 
Pd 
ISn 
'c 

rre 

Cs 

Ce 

\cc 

Pr 

Sm 

Gd 
by 

Pb 

Pi 

Na+ 

Rb-f- 

Pc3+ 

Mo2+ 

Mo4<- 

In3+ 

Ar+ 



5.694 
84 

6.758 
85 

7.092 
43 

7.092 
43 

8.336 
9 

7.343 
81 

9.009 
6 

9.009 
6 

3.893 
9 

5.538 
7 

5.538 
7 

5.464 

5.643 
7 

6.15 

5.938 
9 

7.416 
66 

8.958 
7 



11.03 42.89 57 71.6 
01 

14.32 25.04 38.3 50.55 

16.16 27.13 46.4 54.49 68,82 

76 

16,16 27.13 46.4 54,49 68.82 125.6 

76 64 

19.43 

14.63 30.50 40.73 72.28 

23 26 5 

t8.6 

18.6 27.96 

23.15 
75 

10.85 20.19 36.75 65.55 

8 8 

10.85 20.19 36.75 65.55 77.6 

8 8 

10.55 2!, 62 38.98 57.53 

4 

n.07 23,4 41.4 

12.09 20.63 44 
n.67 22.8 41.47 



15.03 31.93 
22 73 
18.56 
3 

54.41 
78 

47,28 71.62 98.91 

64 00 

27.28 

5 

54.8 

27.13 



54.49 



54 



27.62 
967 

11.03 42.89 



188,21 7 
134.97 5 
220.10 8 
H3.6 489.36 1 8 
27.767 1 
165.49 6 
27.61 1 
55.57 2 
27.051 1 
138.89 5 
2 16.49 8 
134.15 5 

a* * 

81.514 3 

82.87 3 
81.879 3 

54.386 2 

27.522 1 

54.418 2 

217.816 8 

27.285 1 

54.8 2 

27.13 1 

54.49 2 

54 2 

27.6296 1 

7 

53.92 2 



In an erabodiment. each of the catalysts Rh\ K'f K\ and 
Sr* may be formed from the corresponding metal by ionization 
The source of ionization may be UV light or a plasma. At least 
one of a source of UV light and a plasma may be provided by 
the catalysis of hydrogen with a one or more hydrogen catalysts 
given m TABLES 1 and 3. The catalysts may also be formed 
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from the corresponding metal by reaction with hydrogen to 
form the corresponding allcali hydride or by ionization at a hot 
filament which may also serve to dissociate molecular hydrogen 
to atomic hydrogen. The hot filament may be a refractory metal 
such as tungsten or molybdenum operated within a high 
temperature range such as 1000 to 2800 ^'C. 

A catalyst of the present invention can be an increased 
binding energy hydrogen compound having a net enthalpy of 

reaction of about ^ 27«V, where m is an integer greater than 1, 

preferably an integer less than 400, to produce an increased 

binding energy hydrogen atom having a binding energy of about 
13.6 eV , . . 

^ X 2 where p is an integer, preferably an integer from 2 to 



In another embodiment of the catalyst of the present 
invention, hydrinos are formed by reacting an ordinary 
hydrogen atom with a catalyst having a net enthalpy of reaction 
of about 



where m is an integer. It is believed that the rate of catalysis is 
increased as the net enthalpy of reaction is more closely 

matched to —'27.2eV. It has been found that catalysis having a 
net enthalpy of reaction within ±10%, preferably ±5%, of 
^•27.2 are suitable for most applications. 

In an embodiment, catalysts are identified by the 
formation of a rt-plasma at low voltage as described in Mills 
publication R, Mills, J. Dong, Y. Lu, "Observation of Extreme 
Ultraviolet Hydrogen Emission from Incandescently Heated 
Hydrogen Gas with Certain Catalysts'', Int. J. Hydrogen Energy, 
Vol. 25, (2000), pp. 919-943 which is incorporated by reference. 
Ill another embodiment, a means of identifying catalysts and 
monitoring the catalytic rale comprises a high resolution visible 
spectrometer with resolution preferable in the range 1 to 0.01 
A. The identity of a catalysts and the rate of catalysis may be 
determined by tlie degree of Doppler broadening of the 
hydrogen Balmer lines. 




200. 




(81) 



3.2 Hydrino Cataiy <;r!g 

In a process called disproportionaiion, lower-energy 
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hydrogen atoms, hydrinos, can act as catalysts because each of 
the metastable excitation, resonance excitation, and ionization 
energy of a hydrino atom is mXm.leV. The transition reacUoii 
mechanism of a first hydrino atom affected by a second hydrino 
5 atom involves the resonant coupling between ihe atoms of m 
degenerate raulUpoles each having 27.21 eV of potenUal energy 
[Mills, The Grand Unified Theory of Classical Quantum 
Mechanics, September 2001 Edition, Chps. 5 and 6, BlackLight 

, n n^^'^!^-;. '^'^^"'^"^y- Jersey, Distributed by Amazon.com; 

1 U K. Mills, P. Ray. "Spectral Emission of Fractional Quantum Energy 
Levels of Atomic Hydrogen from a Helium-Hydrogen Plasma and 
the Implications for Dark Matter". Int. J. Hydrogen Energy, Vol 
27. No. 3. pp. 301-322]. The energy transfer of mXTl.leV from 
the first hydrino atom to the second hydrino atom causes the 

1 5 central field of the first atom to increase by m and its electron to 

drop HI levels lower from a radius of ^ to a radius of 
~. P p+m' 

The second interacting lower-energy hydrogen is either excited 
to a metastable state, excited to a resonance state, or ionized by 
the resonant energy transfer. The resonant transfer may occur 

2 0 m muhipie stages. For example, a nonradialive transfer by 

multipole coupling may occur wherein the central field of the 
first increases by m, then the electron of the first drops m levels 

lower from a radius of ^ to a radius of with further 

P p+m 
resonant energy transfer. The energy transferred by multipole 
2 5 couplmg may occur by a mechanism that is analogous to photon 
absorption involving an excitation to a virtual level. Or, the 
energy transferred by multipole coupling during the electron 
transition of the first hydrino atom may occur by a mechanism 
that is analogous to two photon absorption involving a first 
30 excitation to a virtual level and a second excitation to a resonant 
or conunuum level [B. J. Thompson, Handbook of Nonlinear 
Optics, Marcel Dekker, Inc., New York, (1996), pp. 497-548; Y. R. 
Shen, The Principles of Nonlinear Optics, John Wiley & Sons New 
York, (1984), pp. 203-210; B. de Beauvoir. F. Nez. L. Julien B 
Cagnac F. Biraben. D. Touahri. L. Hilico. O. Acef. A. Qairon'and J. 
J. Zondy, Physical Review Letters, Vol. 78. No. 3, (1997), pp. 440- 
443]. The transition energy greater than the energy transferred 
to the second hydrino atom may appear as a photon in a vacuum 
medium. 



35 



40 



The transition of tfW ,o induced by a multipole 
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(82) 



resonance transfer of m • 27.21 and a transfer of 
Kp'y-if^-m'f ]X\3.6€V -911212 eV w\± a resonance state of 

^^^^^^ ^^[^] *^ ^^P^^s<^i^^^d by 

'{A]*'(j?^]"*''*"''-''')-(''"-<'''-"')")i^'"'"' 

where p, p\ m, and /«' are integers. 

Hydrinos may be ionized during a disproportionation 
reaction by the resonant energy transfer. A hydrino atom with 

the initial lower-energy state quantum number p and radius ^ 

P 

may undergo a transition to the state with lower-energy state 
quantum number (p+m) and radius ■ by reaction with a 

hydrino atom with the initial lower-energy state quantum 
number m\ initial radius ^f. and final radius a^^ that provides a 
net enthalpy of mX21.2eV. Thus, reaction of hydrogen-iypc 
atom, ^l^yj. with the hydrogen-type atom, that is 

ionized by the resonant energy transfer to cause a transition 
reaction is represented by 



m 



X 27.21 eV+i/j^^jn- //j^^J 



(83) 



ir^e-^H^^Yi3.6eV (84) 
And, the overall reaction is 



4, Adju stment of Catalysi.<; Rate 

II is believed that the rate of catalysis is increased as the 
net enthalpy of reaction is more closely matched to m 27.2eV 



(85) 
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where m is an integer. An embodiment of the hydrogen reactor 
for producing increased binding energy hydrogen compounds of 
the invention further comprises an electric or magnetic field 
source. The electric or magnetic field source may be adjustable 
to control the rate of catalysis. Adjustment of the electric or 
magnetic field provided by the electric or magnetic field source 
may alter, the continuum energy level of a catalyst whereby one 
or more electrons are ionized to a continuum energy level to 
provide a net enthalpy of reaction of approximately mX272eV. 
The alteration of the continuum energy may cause the net 
enthalpy of reaction of the catalyst to more closely match 
mU.leV, Preferably, the electric field is within the range of 
0.01-10* V//rt, more preferably O.l-lO^ V/m, and most preferably 
i-IO^ VJin, Preferably, the magnetic flux is within the range of 
0.01-50 T. A magnetic field may have a strong gradient. 
Preferably, the magnetic flux gradient is within the range of 
10^-10^ rem"* and more preferably 10"^ -\Tcnr\ 

In an embodiment, the electric field E and magnetic field 
J? are orthogonal to cause an EXB elecuon drift. The EXB drift 
may be in a direction such that energetic electrons produced by 
hydrogen catalysis dissipate a minimum amount of power due to 
current flow in the direction of the applied electric field which 
may be adjustable to control the rale of hydrogen catalysis. 

In an embodiment of the energy cell, a magnetic field 
confines the electrons to a region of the cell such that 
interactions with the wall are reduced, and the electron energy 
is increased. The field may be a soienoidal field or a magnetic 
mirror field. The field may be adjustable to control the rate of 
hydrogen catalysis. 

In an embodiment, the electric field such as a radio 
frequency field produces minimal current. In another 
embodiment, a gas which may be inert such as a noble gas is 
added to the reaction mixture to decrease the conductivity of 
the plasma produced by Ihc energy released from the catalysis 
of hydrogen. The conductivity is adjusted by controlling the 
pressure of Uic gas to achieve an optimal voltage that controls 
the rate of catalysis of hydrogen. In another embodiment, a gas 
such as an inert gas may be added to the reaction mixture which 
increases the percentage of atomic hydrogen versus molecular 
hydrogen. 

For example, the cell may comprise a hot filament that 
dissociates molecular hydrogen to atomic hydrogen and may 
further heat a hydrogen dissociator such as transition elements 
and inner transition elements, iron, platinum, palladium. 
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zirconium, vanadium, nickel, titanium, Sc, Cr, Mn, Co, Cu Zn Y 
Nb. Mo. Tc, Ru, Rh, Ag, Cd. La, Iff, Ta, W, Re, Os, Ir, Au, Hg, Ce, W 
Nd, Pm. Sm. Eu, Gd, Tb, Dy, Ho, Er, Tin, Vb, Lu, Th, Pa, U, 
activated charcoal (carbon), and intercalated Cs carbon 
5 (graphite). The filament may further supply an electric field in 
the cell of the reactor. The electric field may alter llie 
continuum energy level of a catalyst whereby one or more 
electrons are ionized to a continuum energy level to provide a 
net enthalpy of reaction of approximately mX27,2eV, In 
0 another embodiment, an electric field is provided by electrodes 
charged by a variable voltage source, Tbo rate of catalysis may 
be controlled by controlling tlie applied voltage which 
determines the applied field which controls the catalysis rate by 
altering the continuum energy level. 
5 In another embodiment of the hydrogen reactor, the 

electric or magnetic field source ionizes an atom or ion to 
provide a catalyst having a net enthalpy of reaction of 
approximately mX27.2eV, For examples, potassium metal is 
ionized to K\ rubidium metal is ionized to Rb\ or strontium 
0 metal is ionized to Sr^ to provide the catalyst. The electric field 
source may be a hot filament whereby the hot filament may also 
dissociate molecular hydrogen to atomic hydrogen. 

The current from a hot filament or an electron gun may 
replace the electron deficit due to the higher electron mobility 
5 compared to ions. In addition, electrons are magnetized over 
ions at a lower field strength. Confinement of the electrons will 
also cause the plasma potential to return to the ground potential. 
In an embodiment, at least one of the electron replacement and 
electron confinement is controlled to control die plasma 
3 potential to control the rate of the hydrogen. catalysis reaction. 
In an embodiment, the magnetic flux is in the range of about 1- 
100,000 G, preferably the flux is in the range of about 10-1000 
G, more preferably (he flux in the range of about 50-200 G, most 
preferably the flux is the range of about 50-150 G. The plasma 
potential is maintained at a desired potential of about neutral 
potential, positive, or negative. The plasma potential is 
controlled to optimize the rate of the catalysis of atomic 
hydrogen to states with energy levels given by Eq. (1). In an 
embodiment, the electron How to the plasma is controlled by 
controlling tlie temperature of the filament or the currcDt of the 
electron gun. Alternatively, the magnetic field strength is 
controlled The plasma potential may be measured with a probe 
such as a Langmuir probe, and a feedback loop of the electron 
flow and the electron confinement may maintain a desired 
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plasma potential to cause a desired rate of hydrogen catalysis. 
In further embodiments, the catalysis rate is controlled by 
controlling the concentration of catalysis and atomic hydrogen. 

Plasma electrons have a higher mobility than plasma tons; 
thus the plasma typically acquires a net positive charge and the 
cell wall acquires a net negative charge. The catalysis rate may 
be increased by neutralizing the plasma or by providing a net 
negative charge to at least a portion of the plasma where 
catalyst and atomic hydrogen is present. In an embodiment of 
the hydrogen catalysis cell, the plasma has a net negative charge 
at least in a region where catalyst and atomic hydrogen is 
present. The negative charge may be provided by at least one 
of a source of electrons and a means to confine electrons. The 
means to confine electrons may be a magnetic field such as a 
magnetic bottle or a selenoidal field. The electron source may 
be an electron emitter such as a heated filament such as a 
thoriaied W, rhenium, or BaO filament or an alkali (Group I) 
metal or an alkaline earth (Group 11) metal. The source of 
electrons may be a thermionic cathode. The source of electrons 
may be an electron gun. Alternatively, the source of electrons 
may be an electron beam or a discharge electrode such as an 
anode. The electrons may preferentially be increased in a 
desired spatial region by an electric field. The electric field may 
be provided by electrodes. The negative charge may also be 
provided by a source of negatively charged ions such as hydride 
ions. In an embodiment, negative ions such as hydride ions are 
boiled from the surface of the wall of the reactor by maintaining 
the wall at an elevated temperature. 

In a further embodiment of the hydrogen catalysis cell, 
the plasma has a net positive charge at least in a region where 
catalyst and atomic hydrogen is present. The positive charge 
may be provided by at least one of a source of ions and a means 
to confine ions. The means to confine ions may be a magnetic 
field such as a magnetic bottle or a selenoidal field. 
Alternatively, electrons may be confined in a region such that a 
desired region outside of the electron-rich region is positively 
charged. The means to confine electrons may be a magnetic 
field such as a magnetic bottle or a selenoidal field. The source 
of ions may be an ion beam or a discharge electrode such as a 
cathode. The ions may prcfercntiaiiy be increased in a desired 
spatial region by an electric field. The electric field may be 
provided by electrodes. The positive charge may also be 
provided by a source of positively charged ions such as a source 
of alkah (Group I) or alkaline earth (Group II) ions. In an 
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embodiment, positive ions such as alkali or alkaline earth ioas 
are boiled from the surface of the wall of the reactor by 
maintaining the wall at an elevated temperature. The positive 
ions may also be provided by boiling off electrons to a different 
5 region such that electron-emitting source acquires a not positive 
charge that positively charges the plasma. Such a source is a 
thermionic cathode. 

The rt-plasma emission was experimentally found to be 
very strongly dependent on the strength of a weak external 
1 0 magnetic flux. With the application of 86 G. the argon-hydrogen 
(97/3%)-strontium rt-plasma emission showed a peak as a 
function of applied field with a maximum peak intensity of 150 
times Che baseline emission. 

1 5 5. Noble Gas Catalysts 

In an embodiment of the hydrogen power and plasma cell, 
reactor, and power converter comprising an energy cell for the 
catalysis of atomic hydrogen to form novel hydrdgen species and 
compositions of matter comprising new forms of hydrogen of the 

20 present invention, the catalyst comprises a mixture of a first 
catalyst and a source of a second catalyst. In an embodiment, 
the first catalyst produces the second catalyst from the source of 
the second catalyst. In an embodiment, the energy released by 
the catalysis of hydrogen by the first catalyst produces a plasma. 

25 in the energy cell. The energy ionizes the source of the second 
catalyst to produce the second catalyst. The second catalyst may 
be one or more ions produced in the absence of a strong electric 
field as typically required in the case of a glow discharge. The 
weak electric field may increase the rate of catalysis of the 

3 0 second catalyst such that the enthalpy of reaction of the catalyst 
matches mX21,2eV to cause hydrogen catalysis. In 
embodiments of the energy cell, the first catalyst is selected 
from the group of catalyst given in TABLES 1 and 3 such as 
potassium and strontium, the source of the second catalyst is 

3 5 selected from the group of helium and argon and the second 

catalyst is selected from the group of He* and Ar* wherein the 
catalyst ion is generated from the corresponding atom by a 
plasma created by catalysis of hydrogen by the first catalyst. 
For examples, 1.) the energy cell contains strontium and argon 

4 0 wherein hydrogen catalysis by strontium produces a plasma 

containing /4r* which serves as a second catalyst (Eqs. (15-17)) 
and 2.) the energy cell contains potassium and heUum wherein 
hydrogen catalysis by potassium produces a plasma containing 
He* which serves as a second catalyst (Eqs. (12-14)). in an 
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10 



I 5 



20 



embodiment, the pressure of the source of the second catalyst is 
10 the range of about 1 millitorr to about one atmosphere The 
hydrogen pressure is in the range of about 1 millitorr to about 
one atmosphere. In a preferred embodiment, the total pressure 
is m the range of about 0.5 torr to about 2 torr. In an 
embodiment, the ratio of the pressure of the source of the 
second catalyst to the hydrogen pressure is greater than one. In 
a preferred embodiment, hydrogen is about 0.1% to about 99%, 
and the source of the second catalyst comprises the balance of* 
the gas present in the cell. More preferably, the hydrogen is in 
the range of about 1% to about 5% and the source of the second 
catalyst is in the range of about 95% to about 99%. Most 
preferably, the hydrogen is about 5% and the source of the 
second catalyst is about 95%. These pressure ranges are 
represeniative examples and a skilled person will be able to 
practice this invention using a desired pressure to provide a 
desired result. 

In an embodiment of the power cell and power converter 
the^ catalyst comprises at least one selected from the group of 
He\ Ne\ and Ar^ wherein the ionized catalyst ion is generated 
from the corresponding atom by a plasma created by methods 
such as a glow discharge or inductively couple microwave 
discharge. Preferably, the corresponding reactor such as a 
discharge cell or hydrogen plasma torch reactor has a region of 
low electric field strength such that the enthalpy of reaction of 
the catalyst matches mXTJ.leV to cause hydrogen catalysis In 
one embodiment, the reactor is a discharge ceU having a hollow 
anode as described by Kuraica and Konjevic [Kuraica M 
Konjevic. N., Physical Review A, Volume 46, No. 7, October 

another embodiment, the reactor is 
a discharge cell having a hollow cathode such as a central wire 
or rod anode and a concentric hollow cathode such as a stainless 
or nickel mesh. In a preferred embodiment, the cell is a 
microwave cell wherein the catalyst is formed by a microwave 
•i5 plasma. 

C atafvs^r ^"^'^"'"^""' ^ '''"" ' '^''"""^ ' ^r ^ *" "'^'^'•"P ^" 

..A u . 'ryP'<=ally the emission of vacuum ultraviolet light from 
4 0 hydrogen gas is achieved using discharges at high voUate 
synchrotron devices, high power inductively coupled "plasma 
generators, or a plasma is created and heated to extreme 

KF coupling (e.g. >10*^:) with confinement 
provided by a toroidal magnetic field. ObservaUon of intense 
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cxlreme ultraviolet (EUV) emission at low temperatures (eg 
l.P '»y''«'gen generated at a tungsten filament 

that heated a titanium dissociator and certain gaseous atom or 
ion catalysts of the present invention vaporized by filament 
5 heauag has been reported previously [R. MilJs, J. Dong. Y Lu 
ObservaUon of Extreme Ultraviolet Hydrogen Emission from' 
Incandescently Heated Hydrogen Gas with Certain Catalysts" Int 
J. Hydrogen Energy. Vol. 25. (2000). pp. 919-943}. Potassium 
cesium, and strontium atoms and Rb' ionize at integer muUipIes 
10 of the potential energy of atomic hydrogen formed the low 
temperature, extremely low voltage plasma called a resonance 
transfer or rt-plasma having strong EUV emission. Similarly the 
ionization energy of Ar' is 27.63 ^V. and the emission intensity of 
the plasma generated by atomic strontium increased 
1 5 significantly with the introduction of argon gas only when Ar^ 
emission was observed (R. Mills, "Spectroscopic Identificadon of 
a Novel Catalytic ReacUon of Atomic Hydrogen and the Hydride 

I"'- "y^'^fi^^" En^gy. Vol. 26. No. 10. (2001). pp. 
1041-1058]. Ill contrast, the chemically similar atoms, sodium, 

ionize at integer multiples of the 
potential energy of atomic hydrogen did not form a plasma and 
caused no emission. 

For further characterization, the width of the 656 3 nin 
Balmer a line emitted from microwave and glow discharge 
plasmas of hydrogen alone, sUontium or magnesium with 
hydrogen, or helium, neon, argon, or xenon with 10% hydroccn 

r/f. "^n*". '''^ ^ '"^'^ resolution visible spectrometer [R. L. 
Mills, P. Ray. B. Dhandapani. R. M. Mayo. J. He. "Comparison of 
Excessive Balmer a Line Broadening of Glow Discharge and 
Microwave Hydrogen Plasmas with Certain Catalysts" J of 
Applied Physics, Vol. 92, No. 12, (2002). pp. 7008-7022- R 1 
Mills, P. Ray. B. Dhandapani, J. He, "Comparison of Excessive" 
Balmer a Line Broadening of Inductively and Capacitively 
Coupled RF. Microwave, and Glow Discharge Hydrogen Plasmas 
w lh Certain Catalysts", IEEE Transactions on Plasma Science. Vol. 
31. No. (2003). pp. 338-3551. It was found that the strontium- 
hydrogen microwave plasma showed a broadening similar to 
ha observed ,n the glow discharge cell of 27-33 eV; whereas, in 
boU, sources no broadening was observed for magnesium- 
hydrogen. With noble-gas hydrogen mixtures, the trend of 
broadening with the particular noble gas was the same for both 
sources but the magnitude of broadening was dramatically 
mttcrent. The microwave helium-hydrogen and arcon- 
hydrogen plasmas showed extraordinary broadening 
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corresponding to an average hydrogen atom temperature of 
110- 130 and m-2lOeV, respectively. The corresponding 
results from the glow discharge plasmas were 30-35 and 
33-38 eV, respectively. Whereas, plasmas of pure hydrogen, 
5 neon-hydrogen, krypton-hydrogen, and xenon-hydrogen 
maintained in either source showed no excessive broadening 
corresponding to an average hydrogen atom temperature of 
«3tfV. Stark broadening or acceleration of charged species due 
to high fields (e. g. over \OkV/cm) can not be invoked to explain 
0 the microwave results since no high field was observationally 
present. Rather, the results were explained by a resonant 
energy transfer between atomic hydrogen and atomic strontium, 
Ar\ or He^* which ionize at an integer multiple of the potential 
energy of atomic hydrogen. 
5 In a preferred embodiment, the source of light is from the 

spontaneous emission of vibration-rotationally excited //^(l/p). 
In an embodiment, the fast H formed by the catalysis of atomic 
hydrogen to lower-energy states excites the vibration-rotation 
emission of H^{lfp). In a further embodiment of the power cell, 
0 the catalysis of atomic hydrogen to lower-energy states 

produces a plasma and may also comprise a light source of at 
least one of extreme ultraviolet, ultraviolet, visible, infrared, 
microwave, or radio wave radiation. 

A light source of the present invention comprises an 
5 emitting species, a cell, a power source, and a output window 
from the cell. The invention may further comprise further 
optical components to direct or filter the light emitted from the 
cell. In an embodiment, the light-emitting species comprises 
hydrogen molecules designated H^{\J p) wherein the intcrnuclcar 
distance of each is about a reciprocal integer p times that of 
ordinary //j. The H^{li p) molecules are vibration-rotationally 
excited and emit with a transition from a vibration-rotational 
level to another lower-energy-level. The vibration-rotational 
excitation may be by a direct collisional excitation. 
Alternatively, the excitation may be by an energy exchange with 
an excited state species such as an excited activator molecule. 
The direct exciiaUon and the excitation of the activator may be 
by collision with an energetic particle from a particle beam such 
as an electron beam or collision with an energetic species 
accelerated by power input to the cell. The power input to cause 
energetic species may be at least one of a particle beam such as 
an electron beam and microwave, high voltage, and RF 
discharges. The source of H^[it p) may external, or H^i p) may 
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be generated insitu by the catalysis of atomic hydrogen to form 
n{l/p) that further reacts to form H^{Hp) wherein the invention 
further comprises an increased-binding-energy-hydrogen 
species reactor In an embodiment, the power source that may 
at least partially comprise a cell for the catalysis of atomic 
hydrogen to form novel hydrogen species and/or compositions 
of matter comprising new forms of hydrogen, an incrcased- 
binding-energy-hydrogen species reactor. The reaction may be 
maintained by a particle beam, microwave, glow, or RF discharge 
plasma of a source of atomic hydrogen and a source of catalyst 
such as argon to provide catalyst Ar"", A species such as oxygen 
may react with the source of catalyst such as Ar^ to form the 
catalyst such as Ar\ At least one of tiie power from catalysis 
and an external power source maintains //jO/p) in an excited 
vibration-rotational state from which spontaneous emission may 
occur. The emission may be in the ultraviolet (UV) and extreme 
ultraviolet (EUV) which may be used for photolithography. In 
an embodiment for short wavelength light such as EUV or soft- 
X-ray light, the light source further comprises a pin-bole optic 
that may be differentially pumped to serve as a "windowless" 
exit for the light from the cell. 

A light source of the present invention comprises a cell of 
the present invention that comprises a light propagation 
structure or window for a desired radiation of a desired 
wavelength or desired wavelength range. For example, a quartz 
window may be used to transmit ultraviolet, visible, infrared, 
microwave, and/or radio wave light from the cell since it is 
transparent to the corresponding wavelength range. Similarly, a 
glass window may be used to transmit visible, infrared, 
microwave, and/or radio wave light from the cell, and a ceramic 
window may be used to transmit infrared, microwave, and/or 
radio wave light from the cell. The cell wall may comprise the 
light propagation structure or window. The cell wall or window 
may be coated with a phosphor that converts one or more short 
wavelengths to desired longer wavelengths. For example, 
ultraviolet or extreme ultraviolet may be converted to visible 
light. The light source may provide short wavelength light 
directly, and the short wavelength line emission may be used 
for applications known in the art such as photolithography. In 
an embodiment for short wavelength light such as EUV or soft- 
X-ray light, the light source further comprises a pin-hole optic 
that may be differentially pumped to serve as a "windowless'* 
exit for the light from the cell. 
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A light source of the present invention such as a visible 
light source may compnse a transparent cell wall that may be 
insulated such that an elevated temperature may be maintained 
in the cell. In an embodiment, (he wall may be a double wall 

5 with a separating vacuum space. The dissociator may be a 
filament such as a tungsten filament. The filament may also 
heat the catalyst to form a gaseous catalyst. A first catalyst may 
be at least one selected from the group of potassium, rubidium, 
cesium, and strontium metal. A second catalyst may be 

0 generated by a first. In an embodiment, at least one of helium, 
neon, and argon is ionized to He\ Ne\ and Ar\ respectively, by 
the plasma formed by the catalysis of hydrogen by a first 
catalysts such as strontium. I{e\ Ne^ and/or /Ir* serve as 
second hydrogen catalysts. The hydrogen may be supplied by a 

5 hydride that decomposes over time to maintain a desired 

pressure which may be determined by the temperature of the 
cell. Tlie cell temperature may be controlled with a heater and a 
heater controller. In an embodiment, the temperature may be 
determined by the power supplied to the filament by a power 

0 controller. 

A further embodiment of the present invention of a hght 
source comprises a tunable light source that may provide 
coherent or laser Hght. Extreme ultraviolet (EUV) spectroscopy 
was recorded on microwave discharges of argon or helium with 
5 10% hydrogen. Novel EUV emission lines were observed from 
microwave discharges of argon or helium with 10% liydrogen 
that matched those predicted for the reaction 
H(l/4) + H* H^{l/4y having an energy spacing of i' times the 
transition-state vibrational energy of h; with the series ending 
0 on the bond energy of //,(!/ 4)' (R. L. Mills, Y. Lu. J. He. M. 
Nansteel, P. Ray. X. Chen, A. Voigt, B. Dhandapani, "Spectral 
Identification of New States of Hydrogen". J. Phys. Cheni. B, 
submitted; R. Mills, J. He, B. Dhandapani, P. Ray. "Comparison of 
Catalysis and Microwave Plasma Sources of Vibrational Spectral 
5 Emission of Fractional-Rydberg-State Hydrogen Molecular Ion", 
Canadian Journal of Physics, submitted; R. Mills, J. He, A. 
Echezuria. B Dhandapani, P. Ray, "Comparison of Catalysts and 
Plasma Sources of Vibrational Spectral Emission of Fractional- 
Rydberg-State Hydrogen Molecular Ion", European Journal of 
Physics D. submitted, and R. Mills, p. Ray, "Vibrational Spectral 
Emission of Fractional-Principal-Quantum-Energy-Levcl 
Hydrogen Molecular Ion". Int. J. Hydrogen Energy. Vol. 27. No. 5. 
(2002), pp. 533-564 which are herein incorporated by 
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refercncej. Tliese Unes having energies in the range of about 
ul 17 eV to t>1.18 eV v = iatcger may be a source of tunable laser 
light. The tunable light source of the present invention 
comprises at least one of the gas. gas discharge, plasma torch, or 
microwave plasma cell wherein the cell may comprise a laser 
cavay. A source of tunable laser light may be provided by the 
light emitted from a dihydrino molecular ion using systems and 
means which are known in the art as described in Laser 
Handbook, Edited by M. L. Stitch. North-Holland Publishing 
Company, (1979). ^ 

The light source of the present invention may comprise at 
least one of the gas, gas discharge, plasma torch, or microwave 
plasma cell wherein ions or excimcrs are effecUvely formed that 
serve as catalysis from a source of catalyst such as He*. He^ *, 
Ne,*, Ne\ Ne*/H' or Ar* catalysts from helium, helium," neon' 
neon -hydrogen mixture, and argon gases, respectively. The light 
may be largely monochromatic light such as line emission of the 
Lyman series such as Lyman a or Lyman fi. 
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7. Energy Reactor 

An energy reactor 50, in accordance with the invention, is 
shown in FIGURE I and comprises a vessel 52 which contains an 
energy reaction mixture 54, a heat exchanger 60. and a power 
converter such as a steam generator 62 and turbine 70. The 
heal (exchanger 60 absorbs heat released by the catalysis 
reaction, when the reacUon mixture, comprised of hydrogen and 
a catalyst reacts to form lower-energy hydrogen. The heat 
exchanger exchanges heat with the steam generator 62 which 
absorbs heat from the exchanger 60 and produces steam. The 
energy reactor 50 further comprises a turbine 70 which receives 
steam from the steam generator 62 and supphes mechanical 
power to a power generator 80 which converts the steam energy 
into electrical energy, which can be received by a load 90 to 
produce work or for dissipation. 

The energy reaction mixture 54 comprises an energy 
releasing material 56 including a source of hydrogen isotope 
atoms or a source of molecular liydrogen isotope, and a source of 
catalyst 58 which resonantly remove approximately mX27.2leV 
to form lower-energy atomic hydrogen and approximately 
mX48.6eV to form lower-energy molecular hydrogen where m is 
an integer wherein the reaction to lower energy states of 
hydrogen occurs by contact of the hydrogen with the catalyst. 
For example. He* fulfills the catalyst criterion— a chemical or 
physical process with an enthalpy change equal to an integer 
multiple of 27.2 since it ionizes at 54.417 eV^ which is 2.27.2eV 
The catalysis releases energy in a form such as heat and low§r- 
energy hydrogen isotope atoms and/or molecules. 

The source of hydrogen can be hydrogen gas, dissociation 
of water including thermal dissociation, electrolysis of water 
hydrogen from hydrides, or hydrogen from metal-hydrogen* 
solutions. In ail embodiments, the source of catalysts can be one 
or more of an electrochemical, chemical, photochemical, thermal, 
free radical, sonic, or nuclear reaciion(s) or inelasUc photon or 
particle scattering rcaclion(s). In the latter two cases, the 
present invention of an energy reactor comprises a particle 
source 75b and/or photon source 75a to supply the catalyst In 
these cases, the net enthalpy of reaction supplied corresponds to 
a resonant collision by tiie photon or particle. In a preferred 
embodiment of the energy reactor shown in FIGURE 1 atomic 
hydrogen is formed from molecular hydrogen by a photon 
source 75a such as a microwave source or a UV source. 

The photon source may also produce photons of at least 
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one energy of approxiraately mX27.2leV, —XV.HeV, or 40.8 eK 

causes the hydrogen atoras undergo a transition to a lower 
energy state. In another preferred embodiment, a photon 
source 75a producing photons of at least one energy of 
approximately fnX4S.6 eV , 95.7 eV, or jnX3l94 eV causes the 
hydrogen molecules to undergo a transition to a lower energy 
state. In all reaction mixtures, a selected external energy device 
75, such as an electrode may be used to supply an electrostatic 
potential or a current (magnetic field) to decrease the acUvation 
energy of the reaction. In another embodiment, the mixture 54, 
further comprises a surface or material to dissociate and/or 
absorb atoms and/or molecules of the energy releasing material 
56. Such surfaces or materials to dissociate and/or absorb 
hydrogen, deuterium, or tritium comprise an element, 
compound, alloy, or mixture of transition elements and inner 
transition elements, iron, platinum, palladium, zirconium, 
vanadium, nickel, Utanium, Sc, Cr, Mn, Co, Cu, Zn, Y, Nb, Mo. Tc, 
Ru, Rh, Ag. Cd. La, Hf, Ta, W, Re. Os, Ir, Au, Hg, Ce, Pr, Nd, Pm, Sm, 
Eu. Gd, Tb, Dy, Ho. Kr, Tra. Vb, Lu, Th, Pa, U, activated charcoal 
(carbon), and intercalated Cs carbon (graphite). 

In an embodiment, a catalyst is provided by the ionization 
of t electrons from an atom or ion to a continuum energy level 
such that the sum of the iomzation energies of the / electrons is 
approximately mX21.2eV where / and m are each an integer. A 
catalyst may also be provided by the transfer of t electrons 
between participating ions. The transfer of / electrons from one 
ion 10 another ion provides a net enthalpy of reaction whereby 
the sum of the ionization energy of the electron donating ion 
minus the ionization energy of the electron accepting ion equals 
approximately m 27.2eV where / and m are each an integer. 

In a preferred embodiment, a source of hydrogen atom 
catalyst comprises a catalytic material 58, that typically provide 
a net enthalpy of approximately /nAr27.21 eV plus or minus 1 eV. 
In a preferred embodiment, a source of hydrogen molecule 
calaly.sis comprises a catalytic material 58, that typically 
provide a net enthalpy of reaction of approximately mX4S.6eV 
plus or minus SeV. The catalysts include those given in TABLES 
I and 3 and the atoms, ions, molecules, and hydrinos described 
in Mills Prior PublicaUons which are incorporated herein by 
reference. 

A further embodiment is the vessel 52 containing a 
catalysts in the molten, liquid, gaseous, or solid state and a 
source of hydrogen including hydrides and gaseous hydrogen. 
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In the case of a reactor for catalysis of hydrogen atoms, the 
embodiment further comprises a means to dissociate the 
molecular hydrogen into atomic hydrogen including an element 
compound, alloy, or mixture of transition elements, inner 
5 transition elements, iron. plaUnum, palladium, zirconium 

vanadium, nickel, titanium. Sc. Cr. Mn. Co, Cu, Zn, Y. Nb Mo Tc 

Eu. Gd Tb. Dy. Ho. Er, Tm, Vb, Lu, Th, Pa, U. activated charcoal 
(carbon), and intercalated Cs carbon (graphite) or 
10 electromagnetic radiation including UV light provided by photon 
source 75. AlternaUvely, the hydrogen is dissociated in a 
plasma. 

The present invention of an electrolytic cell energy 
reactor, plasma electrolysis reactor, barrier electrode reactor RF 
plasma reactor, pressurized gas energy reactor, gas discharge 
energy reactor, microwave cell energy reactor, and a 
combination of a glow discharge cell and a microwave and or RF 
plasma reactor of the present invention comprises: a source of 
hydrogen: one of a solid, molten, liquid, and gaseous source of 
catalyst: a vessel containing hydrogen and the catalyst wherein 
the reaction to form lower-energy hydrogen occurs by contact of 
the hydrogen with the catalyst; and a means for removing the 
lower-energy hydrogen product. The present energy invention 
IS furUicr described in Mills Prior Publications which are 
2 5 incorporated herein by reference. 

In a preferred embodiment, the catalysis of hydrogen 
produces a plasma. The plasma may also be at least partially 
maintained by a microwave generator wherein the microwaves 
arc tuned by a tunable microwave cavity, carried by a 
waveguide, and are delivered to the reaction chamber though an 
Kh transparent window or antenna. The microwave frequency 
may be selected to efficiently form atomic hydrogen froin 
molecular liydrogen. It may also effectively form ions or 
excimcrs that serve as catalysts from a source of catalyst such as 

. He,*. Ne,\ Ne'lH* or Ar* catalysts from helium, helium, 
neon, neon-hydrogen mixture, and argon gases, respectively. In 
an embodiment, the cell provides a catalyst for a source of 
catalyst such as He\ Ar\ and Ne* from helium, argon, and neon 
gas, respectively. In embodiments, cell types may be combined 
for based on specific functions. For example, a glow discharge 
cell which IS very effective at producing catalyst for a source of 
catalyst such as Ht\ Ar\ and Ne* from helium, argon, and neon 
gas. respectively, may be combined with a reactor such as a 
microwave reactor that is well suited for the production of 
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atomic hydrogen to react with the catalyst. 

In an embodiment, the energy from the catalysis of atomic 
hydrogen forms or assists the maintenance of a plasma. The 
plasma dissociates water vapor to hydrogen and oxygen, which 
5 is removed and collected as a fuel. 

8. Hydrogen Microwave Plasma and Power Cell and Reactor 
A hydrogen microwave plasma and power cell and reactor 

of the present invention for the catalysis of atomic hydrogen to 
form increased-binding-energy-bydrogen species and 
increased*binding-energy-hydrogen compounds comprises a 
vessel having a chamber capable of containing a vacuum or 
pressures greater than atmospheric, a source of atomic 
hydrogen, a source of microwave power to form a plasma, and a 
catalyst capable of providing a net enthalpy of reaction of 
w/2-27.2 ±0,5 eV where m is an integer, preferably m is an 
integer less than 400. The source of microwave power may 
comprise a microwave generator, a tunable microwave cavity, 
waveguide, and an antenna. Alternatively, the cell may further 
comprise a means to at least partially convert the power for the 
catalysis of atomic hydrogen to microwaves to maintain the 
plasma. 

9. Hvdrogcn Capacitively and Inductively Coupled RF Plasm^ 

2 5 and Power Cell and Reactor 

A hydrogen capacitively and/or inductively coupled radio 
frequency (RF) plasma and power cell and reactor of (he present 
invention for the catalysis of atomic hydrogen to form 
increased-binding-energy-hydrogen species and increased- 

3 0 binding-energy-hydrogen compounds comprises a vessel having 

a chamber capable of containing a vacuum or pressures greater 
than atmospheric, a source of atomic hydrogen, a source of RF 
power to form a plasma, and a catalyst capable of providing a 
net enthalpy of reaction of /«/2-27.2 ±0.5 eV where m is an 

3 5 integer, preferably m is an integer less than 400. The cell may 
further comprise at least two electrodes and an RF generator 
wherein the source of RF power may comprise the electrodes 
driven by the RF generator. Alternatively, tlic cell may further 
comprise a source coil which may be external to a cell wall 

40 which permits RF power to couple to the plasma formed in the 
cell, a conducting cell wall which may be grounded and a RF 
generator which drives the coil which may inductively and/or 
capacitively couple RF power to the cell plasma. 
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10. Hy drogen Tj^qptr 

A laser of (he present iaventioii comprises a laser medium, 
a laser cavity, laser cavity mirrors, a power source, and a output 
laser beam from the cavity through one of the mirrors. The 
invention may further comprise Brewer windows and further 
optical components to cause stimulated emission of an inverted 
population of the laser medium in the cavity. In an 
embodiment, the laser medium comprises hydrogen molecules 
designated H^{i/p) wherein the internuclear distance of each is 
about a reciprocal integer p times that of ordinary Z/^. The 
^hi^^p) molecules are vibration-rotationally excited and lase 
with a transition from a vibration-rotational level to another 
lower-energy-level other than one with a significant Boltzmann 
population at the cell neutral-gas temperature (e.g. one with 
both V and 7 = 0). The vibration-rotational excitation may be by 
a direct collisionai excitation. Alternatively, the excitation may 
be by an energy exchange with an excited state species such as 
an excited activator molecule. The direct excitation and the 
excitation of the activator may be by collision with an energetic 
particle from a particle beam such as an electron beam or 
collision with an energetic species accelerated by power input to 
the cell The power input to cause energetic species may be at 
least one of a particle beam such as an electron beam and 
microwave, high voltage, and RF discharges. The source of 

may external, or H^iUp) may be geheratcd insitu by the 
catalysis of atomic hydrogen to form H{l/p) that further reacts 
to form //jO/p) wherein the invention further comprises an 
incrcascd-binding-energy-hydrogen species reactor. In an 
embodiment, the power source that may at least partially 
comprise a cell for the catalysis of atomic hydrogen to form 
novel hydrogen species and/or compositions of matter 
comprising new forms of hydrogen, an increased-binding- 
energy-hydrogen species reactor. The reaction may be 
maintained by a particle beam, microwave, glow, or RF discharge 
plasma of a source of atomic hydrogen and a source of catalyst 
such as argon to provide catalyst Ar\ A species such as oxygen 
may react with the source of catalyst such as Ar^ to form the 
catalyst such as Ar\ At least one of the power from catalysis 
and an external power source maintains H^{l/p) in an excited 
vibradon-rotational state from which stimulated emission may 
occur. The emission may be in the ulcraviolet (UV) and extreme 
ultraviolet (EUV) which may be used for photolithography. 
In a further embodiment, the laser comprises an 
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incrcased-binding-energy-hydrogen species reactor wherein the 
catalysis reaction product //(l/p) reacts with a proton to form a 

new molecular ion H^{\lpf. Emission may occur due to the 

reaction H{yp)^H^ '^H^{Upy with vibronic coupling with the 

5 resonant state Hji/p)* . Transitions between levels in the 

transition state is stimulated to form lase light output. The 
energies of the levels are given by 



0 transition-state vibrational energy of //j. 

In an embodiment^ //(I/4) reacts to form the molecular ion 
H^iUAf, Emission due to the reaction H(l/4)+/r' ^//^(l/4)* widi 
vibronic coupling with the resonant state H^{\l2y within the 
transition state was given by the previously derived formula {R. 

5 L. Mills, Y. Lu, J. He. M, Nansleel, P. Ray, X. Chen, A. Voigt, B. 

Dhandapani, "Spectral Identification of New States of Hydrogen", 
J. Phys. Chem. B, submitted]: 



transition-stale vibrational energy of H^. The predicted 
emission was observed for u* = 0.1,2.3...24, and Ihc scries 
terminated at about 25.7 nm corresponding to the predicted 
bond energy of H^{UAf of 48.16 eV [R. L. Mills, Y. Lu, J. He, M. 
Nansteel, P. Ray, X. Chen, A. Voigt, B. Dhandapani. "Spectral 
Identification of New States of Hydrogen". J. Phys. Chem. B, 
submitted, R. Mills, J. He, B. Dhandapani. P. Ray. "Comparison of 
Catalysts and Microwave Plasma Sources of Vibrational Spectral 
Emission of Fractional-Rydberg-State Hydrogen Molecular Ion", 
Canadian Journal of Physics, submitted, R. Mills, J. He, A. 
Echezuria, B Dhandapani, P. Ray, "Comparison of Catalysts and 
Plasma Sources of Vibrational Spectral Emission of Fractional- 
Rydberg-State Hydrogen Molecular Ion", European Journal of 
Physics D, submitted, and R. Mills, P. Ray, "Vibrational Spectral 
Emission of Fractional-Principal-Quantum-Energy-Levcl 
Hydrogen Molecular Ion", Int. J. Hydrogen Energy. Vol. 27, No. 5, 
(2002), pp. 533-564 which are herein incorporated by 





u*- 0.1.2,3... 



(87) 



where Ej^[H^{\iAy) is the bond energy of //^(i/4)*^ and E^.^^^ is die 
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reference]. Transitions between levels ia the transition stale 
given by Eq, (68) is stimulated to form laser light output. 

Two H{l/p) may react to form H^{Up) with emission of the 
bond energy from a resonant state within its transition state 
5 with vibration*iotationaI energies that arc the same as those of 
H^{llp'), The energies E^^^ of liiis reaction are given by 

^b.^^£d{H^Ip))±E^, (88) 
where E^{H^{ilp)) is the bond energy of Hj^Xip) given by Eq. (57) 
3nd E^,^ is the vibrational energy of //j(l/p^) given by Eq, (60). 
0 Transitions between levels in the transition slate given by Eq, 
(88) is stimulated to form laser light output. 

In an embodiment, two //(1/2) may react to form H^{\i2) 
with emission of the bond energy from a resonant state within 
its transition state with vibration-rotational energies that are 
5 Uic same as those ot H^. A series of vibration-rotational bands 
in the 60-67 nm region, a high-energy region for which 
vibration-rotational spectra are ordinarily unknown, was 
observed from low-pressure helium-hydrogen (99/1%) 
microwave plasmas that matched the predicted energy spacing 
of the vibraaonaJ energy of about the bond energy of Hr[ii2) 
corresponding to the reaction 2/f{l/2)-^//,(l/2) [R. L. Mills, Y. Lu, 
B. Dhandapani, "Spectral Identification of H^{\n)\ submiticdj. 
The eiiergics of this are given by 

19.22 ±(i>0.5 159 eV - 1/ (i/ ^1)0.01486 ^V)' 
y = 0, 1 red series 

V^W.'^ blue series ^^^^ 
where Et,[H^{\i2)) is the bond energy of H^{\J2) given by Eq, (57) 
and E^^^^ is the vibrational energy of given by Eq. (60), 
Transitions between levels in the transition state given by Eq. 
(89) is stimulated to form laser light output. 

ni. BRniP DESCRlPTrON OF THE DRAWINn5; 

FIGURE 1 is a schematic drawing of a power system 
comprising a hydrogen power and plasma cell and reactor in 
accordance with the present invention; 

FIGURE 2 is a schematic drawing of a hydrogen plasma 
electrolytic power and plasma cell and reactor in accordance 
with the preseal invention; 

MOURE 3 is a schematic drawing of a hydrogen gas power 
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and plasma cell and reactor in accordance with the present 
invention; 

FIGURE 4 is a schematic drawing of a hydrogen gas discharge 
power and plasma cell and reactor in accordance with the 
5 present invention; 

FIGURE 5 is a schematic drawing of a hydrogen RF barrier 
electrode gas discharge power and pJasma cell and reactor in 
accordance with the present invention; 

FIGURE 6 is a schematic drawing of a hydrogen plasma torch 
1 0 power and plasma cell and reactor in accordance with the 
present invention; 

FIGURE 7 is a schematic drawing of another hydrogen plasma 
torch power and plasma cell and reactor in accordance with the 
present invention; 
i 5 FIGURE 8 is a schematic drawing of a hydrogen microwave 
power and plasma cell and reactor in accordance with the 
present invention; 

FIGURE 9 is a schematic drawing of a power and plasma cell, 
reactor, and laser in accordance with the present invention, and 
20 FIGURE 10 is a schematic drawing of a laser in accordance 
with the present invention. 
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IV, DETAn. EDDF^CRimONQFTHRINVEN110Nf 

The following preferred embodiments of the invention 
disclose numerous property ranges, including but not limited to. 
voltage, current, pressure, temperature, microwave power, 
electron-beam energy, current, and power, and the like, which 
are merely intended as illustrative examples. Based on the 
detailed written description, one skilled in the art would easily 
be able to practice this invention within other property ranges 
to produce the desired result without undue experimentation. 

^ — Hydrogen Power and Plasma Ceil and ResjcJa^ 
3 5 One embodiment of the present invention involves a 

power system comprising a hydrogen power and plasma cell and 
reactor shown in FIGURE L The hydrogen power and plasma 
cell and reactor comprises a vessel 52 containing a catalysis 
mixture 54. The catalysis mixture 54 comprises a source of 
atomic hydrogen 56 supplied through hydrogen suooly passage 
4^ and a catalyst 58 supplied through catalyst supply passage 

41. Catalyst 58 has a net enthalpy of reacUon of about 
m 

y 27.21 ±0.5 cV, where m is an integer, preferably an integer less 
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than 400. The catalysis . involves reacting atomic hydrogen from 
the source 56 with the catalyst 58 to form lower-energy 
hydrogen "hydrinos" and produce power. The hydrogen reactor 
may further include an electron source 70 for contacting 
5 hydrinos with electrons, to reduce the hydriaos to hydrino 
hydride ions. 

The source of hydrogen can be hydrogen gas, water, 
ordinary hydride, or metal-hydrogen solutions. The water may 
be dissociated lo form hydrogen atoms by, for example, thermal 
1 0 dissociation or electrolysis. According to one embodiment of the 
invention, molecular hydrogen is dissociated into atomic 
hydrogen by a molecular hydrogen dissociating catalyst. Such 
dissociating catalysis include, for example, noble metals such as 
palladium and platinum, refractory metals such as molybdenum 
15 and tungsten, transition metals such as nickel and titanium, 
inner transiUon metals such as niobium and zirconium, and 
other such materials listed in the Prior Mills Publications. 

According to another embodiment of the invention, a 
photon source such as a microwave or UV photon source 
20 dissociates hydrogen molecules to hydrogen atoms. 

In the hydrogen power and plasma cell and reactor 
embodiments of the present invention, the means to form 
hydrinos can be one or more of an electrochemical, chemical, 
photochemical, thermal, free radical, sonic, or nuclear 
25 rcaction(s), or inelastic photon or particle scattering rcaction(s). 
In the latter two cases, the hydrogen reactor comprises a 
particle source 75b and/or photon source 75a as shown in 
FIGURE 1, to supply the reaction as an inelastic scattering 
reaction. In one embodiment of the hydrogen reactor, the 
30 catalyst in the molten. liquid, gaseous, or solid state includes 
those given in TABLES I and 3 and those given in the Tables of 
the Prior Mills Publications (e.g. TABLE 4 of PCT/US90/01998 
and pages 25-46, 80-108 of PCT/US94/02219). 

When the catalysis occurs in the gas phase, the catalyst 
3 5 may be maintained at a pressure less than atmospheric. 

preferably in the range about 10 millitorr to about 100 torr. 
The atomic and/or molecular hydrogen reactani is also 
maintained at a pressure less than atmospheric, preferably in 
the range about 10 millitorr to about 100 torr. However, if 
40 desired, higher pressures even greater than atmospheric can be 
used. 

The hydrogen power and plasma cell and reactor 
comprises the following: a source of atomic hydrogen; at least 
one of a solid, molten, liquid, or gaseous catalyst for generating 
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hydnnos; and a vessel for containing the atomic hydrogen and 
tlie catalyst. Methods and apparatus for producing hydrinos. 
including a h'sting of effective catalysts and sources of hydrogen 
atoms, are described in the Prior Mills Publications 
5 Methodologies for idenUfying hydrinos are also described The 
hydnnos so produced may react with the electrons from a 
reduclant to form hydrino hydride ioiis. 

The power system may further comprise a source of 
electric field 76 which can be used to adjust the rate of 
1 0 hydrogen catalysis. It may further focus ions in the cell. It may 
furtlier impart a drift velocity to ions in the cell. The ceil may 
comprise a source of microwave power, which is generally 
known in (he art, such as traveling wave tubes, klystrons, 
magnetrons, cyclotron resonance masers, gyrotrons, and free 
1 5 electron lasers. The present power cell may be an internal 
source of microwaves wherein Uie plasma generated from the 
hydrogen catalysis reaction may be magnetized to produce 
microwaves. 
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t l Hydropen Plasma Fli-.n>^ »^Y'rir ^" wer and Ws^ ^^n,^ r^ll 
and Reant^r . 

A hydrogen plasma electrolytic power cell and reactor of 
the present invention to make lower-energy hydrogen 
compounds comprises an electrolytic cell forming the reaction 
vessel 52 of FIGURE 1, including a molten electrolytic cell The 
elecirolytic cell 100 is shown generally in FIGURE 2. An electric 
current is passed through the electrolytic solution 102 having a 
catalyst by the application of a voltage to an anode 104 and 
cathode 106 by the power controller 108 powered by the power 
JU supply 110. Ultrasonic or mechanical energy may also be 
imparted to the cathode 106 and electrolytic soluUon 102 by 
vibrating means 112. Heat can be supplied to the electrolytic 
solution 102 by heater 114. The pressure of the electrolytic cell 

100 can be controlled by pressure regulator means 116 where 
the cell can be closed. The reactor further comprises a means 

101 that removes the (molecular) lower-energy hydrogen such 
as a selective venting valve to prevent ti»e exothermic shrinkage 
reaction from coming to equilibrium. 

In an embodiment, the plasma electrolytic cell is further 
supplied with hydrogen from hydrogen source 121 where the 
over pressure can be controlled by pressure control means 122 
and 116. An embodiment of the electrolytic cell energy reactor 
comprises a reverse fuel cell geometry which removes the 
lower-energy hydrogen under vacuum. The reaction vessel may 
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be closed except for a connection to a condenser 140 oa the ton 
Of (he vessel 100. The cell .nay be operated at a boil ^^thaf 
the steam evolving from the boiling electrolyte 102 can be 
condensed in the condensor 140. and the conden^ wato: can 

r«„7 ""'^ T''*^ lower-energy state tydroLn 

can be vented through the top of the condensor %0 in one 
embodiment, the condensor contains a hydrogen/oxygen 
reeombiner 145 that contacts the cvolving%IecCic^g"ases 

) ll ^ r recombined. and the result „g 

) water can be returned to the vessel 100. The heat reteasld 
from the catalysis of hydrogen and the heat released dt to the 
eco^b.„at.on of ,he electroJytically generated norn^aF hydrogen 

wnicft caji be connected to the condensor 140 

Hydrino atoms form at the cathode 106 via contact of ih*. 
catalyst of electrolyte 102 with the hydrogen a tomT^eLerLld 
at the cathode ,06. The electrolytic cell hydrogen e^tor 
apparatus may further comprises a source of elSLns T contact 

To'ns ''-^eXtrTnor""!? Xo^hyddr 
ions Ihe hydnnos are reduced (i.e. gain the electron) in the 

cont^S^ Reduction oLurs by 

contacting the hydnnos with other element 160 such as a 

^0.000^/'"^"' f^o™ -''ide source. 

^vdr^Th H vT'^ electrolytic cell betv^een the 

cauon of an added reduclanf, or a caUon of the clectrolvte f.,,rh 
as a cation comprising the catalyst) electrolyte (such 

reactor\f^^ri^l'''f'"" ^'''"^"f ^''^^^^'V^ie power cell and 
reactor of the present invention for the catalysis of atomic 

hydrogen to form increased-binding-energy-hydrogenTp^cies 
a vessel, a cathode, an anode, an electrolyte, a high voltaee 

n fel^alVoT" 7''''^' ' catalyst 'capabirof ptS„g a 
net enUialpy of reaction of m/2.27.2 ±0.5 eV where m is an 
mteger. Pn^ferably « is an integer less than 400 I a„ 
embodiment, the voltage is in d,e range of about 10 V t^ 50 kV 
and^,the current density may be high such as in the range ^f 

reduced to oTa.?''™' " ^" ^m,o6un..i, 7 is 

reduced to potassium atom which serves a.s the cata v.!f ti.» 

cathode of the cell may be tungsten such L a tun stS Vod and 
the anode of cell of may be platinum. The cata ysil o? Z Jn 
™ ^Trj: '-t one selected from the group'tf L . Be K 
Sn, Te. Cs, Ce. Pr. Sm. Od. Dy, Pb. Pi. He\ Na\ /^*^ Sr\ Fe\ Mo'\ 
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Mo , and In . The cataJyst of the cell of may be formed from a 
source of catalyst. The souree of catalyst that forms the catalyst 

<: ^ X ' r A n ' ^' ^' Rt*' Sr, Nb. Mo. Pd 

5 Sn, Te. Cs. Ce. Pr, Sm. Gd. Dy, Pb. Pt, He\ Na\ Rb*, Sr\ Fe'* Mo-"* 
Mo ,ln* and K*i K* alone or comprising compounds. The 
source of catalyst may comprise a compound that provides K* 
that IS reduced to the catalyst potassium atom during 
electrolysis. 

10 The compound of formed comprises 

(a) at least one neutral, positive, or negative increased 
binding energy hydrogen species having a binding energy 

(i) greater than the binding energy of the 
corresponding ordinary hydrogen species, or 

(ii) greater than the binding energy of any hydrogen 
species for which the corresponding ordinary hydrogen species 
IS unstable or is not observed because the ordinary hydrogen 
species binding energy is less than thermal energies at ambient 
conditions, or is negative; and 

2 0 (b) at least one other clement 

The increased binding energy hydrogen species may be 
selected from the group consisting of //„ and where a is 
a positive integer, with the proviso that n is greater than 1 when 
H has a positive charge. The compound formed may be 
characterized in that the increased binding energy hydrogen 
species IS selected from the group consisting of (a) hydride ion 
having a biiiding energy that is greater than the binding of 
ordinary hydride ion (about 0.8 eV) for p^Z «p to 23 in which 
the binding energy is represented by 

2* 



25 



f, 



3 0 Buiding Energy = ^ 

where p is an integer greater than one; (b) hydrogeif atom 
having a binding energy greater than about 13 6 eV- (c) 

Et^f^.Tv ''/.r* " ''•"'•'"S than 

3 S Intrt . • u""* ^"^^ ™o'«^">ar hydrogen ion having a binding 

8«»f.»ha« about 16.3 eV. The compound may be ^ 
characterized m that the increased binding eSergy hydrogen 

??f It l ^^-^^ 55,5. 61.0. 65.6. 69.2 

71.6. 72.4. 71.6. 68.8. 64.0. 56.8. 47.1. 34.7. 19.3. and 0.69 eV. 
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The compound may characterized in that the increased binding 
energy hydrogen species is a hydride ion having the binding 

energy: ^ 



Binding Energy = ^^^Isjs -^l) ^ 



m. 



1 



a 



If 



jj^l + >/£(£_+l)J 



Where p is an integer greater than one. The compound may 
characterized in that the increased binding energy hydrogen 
species IS selected from the group consisting of 
13.6 ej*^ ^ hydrogen atom having a binding energy of about 
where p is an integer. 



(7J 



(b) an increased binding energy hydride ion (//-) having a 
binding energy of about ^ 



1 



2» 



(c) an increased binding energy hydrogen species Iltil/p); 

(d) an increased binding energy hydrogen species 
tnhydrmo molecular ion. h;{U p), having a binding energy of 

:rey where p is an integer^ 



about 



20 



25 



. hini^^ ^" increased binding energy hydrogen molecule having 
a binding energy of about ^ 

//| = £V(//;(>/p))-£V(i/.(l/p)) 

= 13392 «V-/,»ai 18755 cK-(V31.351 eV-p'0326469 eV) 

= />*15.2171 «V + p'0.207714 eV 

C ^-/i^^ '"^'^ Nature of the Chemical 

So ?r k'" ^i''^^"^''^^ MaxwcHian Approach". II 

rerenc^'lT ""^^^ ''^^^ 

^" '""^""^ ^'»^'"g energy hydrogen molecular ion 
with a binding energy of about p'l 6. 13392 „'ail 8755 *V 

Bond" Re. % T^f ^ '"^^ Nature of the Chemical 

Bond Revisited and an Alternative IWaxwellian Approach" II 
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Nuovo Cimento, submitted which is herein incorporated by 
reference. 

^2 Hydrogen Gas Power and P l asma Cell and Reactnr 
5 According to an embodiment of the invention, a reactor for 

producing hydrinos, plasma, and power may take the form of a 
hydrogen gas cell. A gas cell hydrogen reactor of the present 
invenUon Is shown in HGURE 3. Reactant hydrinos are provided 
by a catalyUc reaction with a catalyst such as at least one of 
1 0 those given in TABLES 1 and 3 and/or a by a disproportionation 
reacuon. Catalysis may occur in the gas phase. 

The reactor of FIGURE 3 comprises a reaction vessel 207 
having a chamber 200 capable of containing a vacuum or 
pressures greater than atmospheric. A source of hydrogen 221 
15 communicating with chamber 200 delivers hydrogen to the 
chamber through hydrogen supply passage 242. A controller 
222 is positioned to control the pressure and flow of hydrogen 
into the vessel through hydrogen supply passage 242. A 
pressure sensor 223 monitors pressure in the vessel. A vacuum 
20 pump 256 is used to evacuate the chamber tiirough a vacuum 
line 257. The apparatus may further comprise a source of 
electrons in contact with the hydrinos to form hydrino hydride 
ions. 

In an embodiment, the source of hydrogen 221 
communicating with chamber 200 that delivers hydrogen to the 
chamber through hydrogen supply passage 242 is a hydrogen 
permeable hollow cathode of an electrolysis cell. Electrolysis of 
water produces hydrogen that permeates through the hollow 
cathode. The cathode may be a transition metal such as nickel, 
3 0 iron, or titanium, or a noble metal such as palladium, or 
platinum, or tantalum or palladium coated tantalum, or 
palladium coated niobium. The electrolyte may be basic and the 
anode may be nickel. The electrolyte may be aqueous K^CO^. 
The flow of hydrogen into the cell may be controlled by 
controlling the electrolysis current with an electrolysis power 
controller. 

A catalyst 250 for generating hydrino atoms can be placed 
in a catalyst reservoir 295. The catalyst in the gas phase may 
A r. f ?'!!P".f <=«l«'ysts given in TABLES 1 and 3 and those in the 
4 0 Mills Prior Publications. The reacUon vessel 207 has a catalyst 
supply passage 241 for the passage of gaseous catalyst from the 
catalyst reservoir 295 to the reaction chamber 200. 

may be placed in a chemically 
resistant open container, such as a boat, inside the reaction 
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vessel. 

The molecular and atomic hydrogen partial pressures in 
the reactor vessel 207. as weU as the catalyst partial pressure, is 
preferably maintained in the range of about 10 millitorr to 
5 about 100 torr. Most preferably, the hydrogen partial pressure 
in the reaction vessel 207 is maintained at about 200 millitorr. 

Molecular hydrogen may be dissociated ia the vessel into 
atomic hydrogen by a dissociating material. The dissociaUng 
material may comprise, for example, a noble metal such as 
10 platinum or palladium, a transition metal such as nickel and 
titanium, an inner transition metal such as niobium and 
zirconium, or a refractory metal such as tungsten or 
molybdenum. The dissociating material may be maintained at 
an elevated temperature by the heat liberated by the hydrogen 
catalysts (hydrino generation) and hydrino reduction taking 
place in the reactor. The dissociating material may also be 
maintained at elevated temperature by temperature control 
means 230, which may take tivt form of a heaUng coil as shown 
in cross section in FIGURE 3. The heating coil is powered by a 
20 power supply 225. 

Molecular hydrogen may be dissociated into atomic 
hydrogen by application of electromagnetic radiation, such as 
UV light provided by a photon source 205, by a hot filament or 
grid 280 powered by power supply 285. or by the plasma 

2 5 generated in (he cell by the catalysis reaction. 

nie hydrogen dissociation occurs such that the dissociated 
hydrogen atoms contact a catalyst which is in a molten, liquid, 
gaseous, or solid form to produce hydrino atoms. The catalyst 
vapor pressure is maintained at the desired pressure by 

3 0 controlling the temperature of the catalyst reservoir 295 with a 

catalyst reservoir heater 298 powered by a power supply 272. 
When the catalyst is contained in a boat inside the reactor, the 
catalyst vapor pressure is maintained at the desired value' by 
controlling the temperature of (he catalyst boat, by adjusting the 
3 5 boat's power supply. 

The rale of production of hydrinos and power by the 
hydrogen gas cell can be controlled by controlling the amount of 
catalyst in the gas phase and/or by controlling the concentraUon 
of atomic hydrogen. The concentration of gaseous catalyst in 
vessel chamber 200 may be controlled by controlling the initial 
amount of the volatile catalyst present in the chamber 200 The 
concentration of gaseous catalyst in chamber 200 may also be 
controlled by controlling the catalyst temperature, by adjusting 
the catalyst reservoir heater 298, or by adjusUng a catalyst boat 
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reactor, fhe vapor pressure of the volatile catalyst 250 Jn th. 
chamber 200 is determine.) hu ^^wiyst m the 

reservnfr 70^ ! "eiermined by the temperature of the catalyst 

5 each rjdi Ll l '^"P^^^'"^^ °f »he catalyst boat, becau'^.e 
each js colder thaii the reactor vessel 207. The reactor vessel 
207 temperature is maintained at a higher operating 
empcrature than catalyst reservoir 295 with hSrHberated bv 

1 0 It t^ed b? a rCeraluT co?r'"^ 

i^ft u . f«™Perature control means, such as heating cnii 

230 shown m cross section in FIGURE 3. Hkung cSl 230 ^ 
powered by power supply 225. The reactor 4.pe afure 



and catalysis. 

15 



first cMailuT'^'r'T"/' "'"y^' comprises a mixture of a 

sou ce of a .rr'^' "^'^'y^' 295 and a 

source of a second catalyst supplied from gas suddIv 221 

zs^oVe°^rr"^^ ^y<^^o,eTi:7^v^ 

10 coSfmUer 222 tJ T '"^^'^ 

mixture ^"^^ "7 ^o"'™"" 222 may achieve a desired 

Sse" raav t / ' '^''^y^' hydrogen, or the 

I e secLd T V""^ '^'^'"'^ '^^♦^'ys^ f^O"" «he source of 

5 the caSvi nf h H •^'"bodimen,. the energy released by 

calalvst ^nrn^ I ^ ''"^'^^ ^ource of the second 

oc selected from the group of catalysts given in TABLES I anrf ^ 
0 Stalv" TvT™ /r'""' of ^'^ond 

and the second catalyst may be selected from the group of^.* 
corresnl; '''''''' from the 

nyarogen by the first cala yst. For examnlpc i \ tu^ ^ 

oroduci-c a ni9c»,o , • 7"«"gv-n caiaiysis by potassium 

proaucus a plasma contammg i/e* whirh Q^^rv^c - - . 
catalyst (Eqs. (12-14)) f„ f„ wnich. serves as a second 
sm.rrP of mI» o . ^" embodiment, the pressure of the 

source of the second catalvst i< in h.. r ^ 

to about one aimosohere Thl ^ ™''"'orr 

of about I mil ,r«hn.T P^"''"^*^ "nge 

embodiment. t iTta pr^^^^^^^^ -'T^'^^" ^ 

loiai pressure is m the range of about 0.5 torr 
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L souL Tin " f^'^^dimcnt. the ratio of the pressure of 

Seater Than T"*"' "^f""'' "y^'^^^*" P^*""'* 

T Tn ?^ ^"t- ^ * preferred embodiment, hydrogen is 
about 0.1% to about 99%. and the source of the second catalyst 
5 compnses the balance of the gas present in the cell. MoT 

aTd thf i„"'' '•^f^^T^'" °f ^''^"^ to about 5% 

and the source of the second catalyst is in the range of about 

and the source of the second catalyst is about 95% These 

D^^o^l nT' e^'amples and a skilled 

person will be able to practice this invention using a desired 
pressure to provide a desired result. 

tho nll't P^l^'^f operating temperature depends, in part, on 
the nature of the material comprising the reactor vessel 207 

preferably maintained at about 200-1200»C. The temperature 

about 200 ^^r?r.''''^u' P^f^^ably maintained at 

Jessel 207 i. . r J"' '^"•P^'^'"'^ of a tungsten reactor 
vessel i07 IS preferably mamtaincd at about 200-3000 °C The 
temperature of a quartz or ceramic reactor vessel 207 is " 
prererably maintained at about 200-1800 "C 

200 JnV''''T\f^\ °^ ''"""'^ i^ydmen in vessel chamber 
200 can be controlled by the amount of atomic hydrogen 
generated by the hydrogen dissociation material. The rate of 
molecular hydrogen dissociation can be controlled by controlling 
the surface area, the temperature, and/or the selection of T 
dissocution material. The concentration of atomic hydrogen 

7 k"^ r*"**""" °f "tomi'^ hydrogen 

0 atomic i 'y^^°^'" 221. The cofcentration 

molt.^r f "^"^ ^'^''^ ^*"'t™"^d by the amount of 

w ^ "ff" '"PP""^ "yd^og^" source 221 

controlled by a flow controller 222 and a pressure sensor 223 

CUv/fn^r" '"^""^''^^ windov^less ultraviole 

(UV) emission spectroscopy to detect the intensity of the UV 

em!ssid',s.''"' ' <^<""P«™<» 

r.l^mnnT'^ ^""^ reactor further comprises other 

element as an electron source 260 such a rcductant in comact 
with the generated hydrinos to form hydrino hydr de ions 
Compounds comprising a hydrino hydride anion'aad a cation 
may be formed ,n the gas cell. The cation which forms the 
hydrino hydride compound may comprise a cation ^m an 
added reductant. or a cation present in the cell (such as the 
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cation of the catalyst). The cell may further comprise a getter or 
cryotrap 255 to selectively collect the lower-energy-hydrogcn 
species and/or the increased-binding-energy hydrogen 
compounds. 

5 The rt-plasma may be initiated by external heaters and a 

tungsten filament that is a source of electrons as given in H. 
Conrads, Mills, Th. Wnibel, "Emission in the Deep Vacuum 
Ultraviolet from a Plasma Formed by Incandescently Heating 
Hydrogen Gas with Trace Amounts of Potassium Carbonate", 
0 Plasma Sources Science and Technology, Vol. 12, (2003), pp. 
389-395 which is herein incorporated by reference. The 
filament emission may be sufficient at low temperature to 
initiate the rt-plasma. An efficient source is a rhenium, BaO- 
coated, or radioactive filament such as a thoriated-lungsten 
5 filament. In the latter case, the emission is sufficiently energetic 
to ionize the catalyst such as Sr* or Ar*, and the formed-rt- 
plasma maintains the ionization at a much higher level. 

-L3 — Hydrogen Gas Dischar ge Power and Plasma Cell and 
Reactof 

A hydrogen gas discharge power and plasma cell and 
reactor of the present invention is shown in FIGURE 4. The 
hydrogen gas discharge power and plasma cell and reactor of 
FIGURE 4, includes a gas discharge cell 307 comprising a 
hydrogen isotope gas-filled glow discharge vacuum vessel 313 
having a chamber 300. A hydrogen source 322 suppUes 
hydrogen to the chamber 300 through control valve 325 via a 
hydrogen supply passage 342, A catalyst is contained in 
catalyst reservoir 395. A voltage and current source 330. causes 
current to pass between a cathode 305 and an anode 320. The 
current may be reversible. In another embodiment, the plasma 
is generated with a microwave source such as a microwave 
generator. 

In one embodiment of the hydrogen gas discharge power 
and plasma cell and reactor, the wall of vessel 313 is conducting 
and serves as the anode. In another embodiment, the cathode 
305 is hollow such as a hollow, nickel, aluminum, copper, 
tungsten, molybdenum, or stainless steel hollow cathode. In an 
embodiment, the cathode material may be a source of catalyst 
such as iron or samarium. 

The catholic 305 may be coated with the catalyst for 
generating hydrinos and energy. The catalysis to form hydrinos 
and energy occurs on the cathode surface. To form hydrogen 
atoms for generation of hydrinos and energy, molecular 
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hydrogen is dissociated on the cathode. To this cod, the cathode 
is formed of a hydrogen dissociative material. Altcrnalively, the 
molecular hydrogen is dissociated by the discharge. 

According to another embodimeat of the invention, the 
catalyst for generating hydrinos and energy is in gaseous form. 
For example, the discharge may be utilized to vaporize the 
catalyst to provide a gaseous catalyst. AUernafively, the 
gaseous catalyst is produced by the discharge current. For 
example, the gaseous catalyst may be provided by a discharge in 
rubidium metal to form Rb*, strontium metal to form Sr^, or 
titanium metal to form Ti^\ or potassium to volatilize the metal. 
The gaseous hydrogen atoms for reaction with the gaseous 
catalyst are provided by a discharge of molecular hydrogen gas 
such that the catalysis occurs in the gas phase. 

Another embodiment of the hydrogen gas discharge power 
and plasma cell and reactor where catalysis occurs in the gas 
phase utilizes a controllable gaseous catalyst. The gaseous 
hydrogen atoms for conversion to hydrinos are provided by a 
discharge of molecular hydrogen gas. The gas discharge cell 307 
has a catalyst supply passage 341 for the passage of the gaseous 
catalyst 350 from catalyst reservoir 395 to the reaction chamber 
300. The catalyst reservoir 395 is healed by a catalyst reservoir 
heater 392 having a power supply 372 to provide the gaseous 
catalyst to the reaction chamber 300. The catalyst vapor 
pressure is controlled by controlling the temperature of the 
catalyst reservoir 395, by adjusting the heater 392 by means of 
its power supply 372, The reactor further comprises a selective 
venting valve 301. 

In another embodiment of the hydrogen gas discharge 
power and plasma cell and reactor where catalysis occurs in the 
gas phase utilizes a controllable gaseous catalyst. Gaseous 
hydrogen atoms provided by a discharge of molecular hydrogen 
gas. A chemically resistant (does not react or degrade during 
the operation of the reactor) open container, such as a tungsten 
or ceramic boat, positioned inside the gas discharge cell contains 
the catalyst. The catalyst in tlie catalyst boat is heated with a 
boat heater using by means of an associated power supply to 
provide the gaseous catalyst to the reaction chamber. 
Alternatively, the glow gas discharge cell is operated at an 
elevated temperature such that the catalyst in the boat is 
sublimed, boiled, or volatilized into the gas phase. The catalyst 
vapor pressure is controlled by controlling the temperature of 
the boat or the discharge ceU by adjusting the heater with its 
power supply. 
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The gas discharge cell may be operated at room 
temperalure by continuously supplying catalyst. Alternatively 
to prevent the catalyst from condensing in the cell, the 
temperature is maintained above the temperature of the 
5 catalyst source, catalyst reservoir 395 or catalyst boat For 

n^TrS^r?*'/*"°*'*''*^'^ ' ^^'"^^^^ ^^^''^ «"oy ce» is about 
lanno temperature of a molybdenum cell is about 0- 

1800 C; the temperature of a tungsten cell is about 0-3000 "C- 

1 0 L"f«n!l^?™'?r'"if ? * "^'"^^ is about 

tnnn ? i V'L^^^'' f«"g«^ of about 

1000 to about 50.000 volts. The current may be in the range of 

about 1 /iA to about 1 A, preferably about I mA. 

The discharge current may be intermittent or pulsed 
Pulsing may be used to reduce the. input power, and it may also 
1 > provide a time period wherein the field is set to a desired 

strength by an offset voltage which may be below the discharge 
voltage. One appHcaUon of controlling the field during the 
no,»discharge period is to optimize the energy match between 
the catalyst and the atomic hydrogen. In an embodiment, the 
JO offset voltage is between, about 0.5 to about 500 V. In another 
embodiment, the offset voltage is set to provide a field of about 
0.1 V/cm to about 50 V/cm. Preferably, the offset voltage is set 
to provide a field between about I V/cm to about 10 V/cm The 
peak voltage may be in the range of about 1 V to 10 MV More 
P^fcrably. the peak voltage is in the range of about 10 V to 100 
f ^^''^^^^^^y- voltage is in the range of about 100 V 

to 300 V. The pulse frequency and duty cycle may also be 
adjusted. An application of controlUng the pulse frequency and 
duty cycle .s to optimize the power balance. In an embodiment, 

0 this IS achieved by opUmizing the reaction rate versus the input 
power. The amount of catalyst and atomic hydrogen generated 
«>y the discharge decay during the nondischargc period The 
reaction rate may be controlled by controlling the amount of 
catalyst generated by the dischai^e such as Ar* and the amount 

1 of atomic hydrogen wherein the concentration is dependent on 
the pulse frequency, duty cycle, and the rate of decay. In an 
einbodiment. the pulse frequency is of about 0.1 Hz to about lOO' 

/ ^'nbodiment, the pulse frequency is faster than 

the time for substantial atomic hydrogen recombination to 
J molecular hydrogen. Based on anomalous plasma afterglow 
duration studies ( R. Mills. T. Onuma. and Y. Lu. "Formatron of a 
Hydrogen Plasma from an Incandescently Heated Hydrogen- 
Catalyst Gas Mixture with an Anomalous Afterglow Duration" 
InL J. Hydrogen Energy. Vol. 26, No. 7. July. (2001), pp. 749-762- 
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Mills, "Temporal Behavior of Light-Emission in ihe Visible 
Spectral Range from a Ti-K2C03-H-Ccll", Int. J. Hydrogen Energy, 
Vol. 26, No, 4, (2001), pp. 327-332], preferably the frequency is 
within the range of about 1 to about 200 Hz. In an embodiment, 
5 the duty cycle is about 0.1% to about 95%. Preferably, the duty 
cycle is about 1% to about 50%. 

In another embodiment, the power may be applied as an 
alternating current (AC). The frequency may be in the range of 
about 0.001 Hz to 1 GHz. More preferably the frequency is in 

10 the range of about 60 Hz to 100 MHz, Most preferably, the 

frequency is in the range of about 10 to 100 MHz. The system 
may comprises two electrodes wherein one or more electrodes 
are in direct contact with the plasma; otherwise, the electrodes 
may be separated from the plasma by a dielectric barrier. The 

1 5 peak voltage may be in the range of about 1 V to 10 MV. More 
preferably, the peak voltage is in the range of about 10 V (o 100 
kV. Most preferably, the voltage is in the range of about 100 V 
to 500 V. 

The gas discharge cell apparatus further comprises other 

20 element as an electron source 360 such a reductant in contact 
with the generated hydrinos to form hydrino hydride ions. 
Compounds comprising a hydrino hydride anion and a cation 
may be formed in the gas cell. The cation which forms the 
hydrino hydride compound may comprise a cation from an 

25 added reductant, or a cation present in the cell (such as the 
cation of the catalyst). 

In one embodiment of the gas discharge cell apparatus, 
alkali and alkaline earth hydrino hydrides and energy are 
produced in the gas discharge cell 307. In an embodiment, the 

3 0 catalyst reservoir 395 contains potassium, rubidium, or 
strontium metal which may be is ionized to K\ Rb* or 5r* 
catalyst, respectively. The catalyst vapor pressure in the gas 
discharge cell is controlled by heater 392. The catalyst reservoir 
395 is heated, with the heater 392 to maintain the catalyst vapor 

3 5 pressure proximal to the cathode 305 preferably in the pressure 
range 10 millitorr to 100 torr, more preferably at about 200 
mtorr. In another embodiment, the cathode 305 and the anode 
320 of the gas discharge cell 307 are coated with potassium, 
rubidium, or strontium. The catalyst is vaporized during the 

40 operation of the cell. The hydrogen supply from source 322 is 
adjusted with control 325 to supply hydrogen and maintain the 
hydrogen pressure in the 10 millitorr to 100 torr range. 

In an embodiment, the electrode to provide the electric 
field is a compound elecuode comprising multiple electrodes in 
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series or parallel that may occupy a substantial portion of the 
. volume of the reactor. In one embodiment, the electrode 
comprises multiple hollow cathodes in parallel so that the 
desired electric field is produced in a large volume to generate a 
5 substantial power level. One design of the multiple hollow 
cathodes comprises an anode and multiple concentric hollow 
cathodes each electrically isolated from the common anode. 
Another compound electrode comprises multiple parallel plate 
electrodes connected in series. 
0 A preferable hollow cathode is comprised of refractory 

materials such as molybdenum or tungsten. A preferably 
hollow cathode comprises a compound hollow cathode. A 
preferable catalyst of a compound hollow cathode discharge cell 
is neon as described in R. L. Mills, P. Ray, J. Dong, M. Nansleel, B. 
5 Dhandapani, J. He, "Spectral Emission of Fractional-Principal- 
Quantum-Energy-Level Atomic and Molecular Hydrogen", 
Vibrational Spectroscopy, Vol 31, No. 2, (2003), pp. 195-213 
which is herein incorporated by reference in its entirety. In an 
embodiment of the cell comprising a compound hollow cathode 
and neon as the source of catalyst with hydrogen, the partial 
pressure of neon is in the range 99.99%-90% and hydrogen is in 
the range 0.01-10%. Preferably the partial pressure of neon is 
in the range 99.9-99% and hydrogen is in Uie range 0.1-1%. 

iA — Hydrogen Radio Frequency (RF) Barrier Electrode 
Discharge Pnwa r and Plasma Cell and Reactor 

In an embodiment of the hydrogen discharge power and 
plasma cell and reactor, at least one of the discharge electrodes 
is shielded by a dielectric barrier such as glass, quartz. Alumina, 
or ceramic in order to provide an electric field with minimum 
power dissipation. A radio frequency (RF) barrier electrode 
discharge cell system 1000 of the present invention is shown in 
FIGURE 5. The RF power may be capacitively coupled. In an 
embodiment, the electrodes 1004 may be external to the cell 
1001. A dielectric layer 1005 separates the electrodes from tlie 
cell wall 1006. The high driving voltage may be AC and may be 
high frequency. The driving circuit comprises a high voltage 
power .source 1002 which is capable of providing RF and an 
impedance matching circuit 1003. The frequency is preferably 
in the range of about 100 Hz to about 10 GHz, more preferably, 
about i kHz to about 1 MHz. most preferably about 5-10 kHz. 
The voltage is preferably in the range of about 100 V to about 1 
MV, more preferabjy about i kV to about 100 kV, and most 
preferably about 5 to about 10 kV. 
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l.S Hydrogen Pla^ fma Torch Power and Plasma CrII ^p H 
Reactor 

A hydrogen plasma torch power and plasma cell and 
5 reactor of the present invenUon is shown in FIGURE 6. A plasma 
torch 702 provides a hydrogen isotope plasma 704 enclosed by 
a manifold 706 and contained in plasma chamber 760. 
Hydrogen from hydrogen supply 738 and plasma gas from 
plasma gas supply 712, along with a catalyst 714 for forming 
10 hydrinos and energy, is supplied to torch 702. The plasma may 
comprise argon, for example. The catalyst may comprise at least 
one of those given in TABLES 1 and 3 or a hydrino atom to 
provide a disproportionation reaction. The catalyst is contained 
in a catalyst reservoir 716. The reservoir is equipped with a 
I 5 mechanical agitator, such as. a magnetic stirring bar 718 driven 
by magnetic stirring bar motor 720. The catalyst is supplied to 
plasma torch 702 through passage 728, The catalyst may be 
generated by a microwave discharge. Preferred catalysts are 
He* or Ar' from a source such as helium gas or argon gas. 
20 Hydrogen is supplied to the torch 702 by a hydrogen 

passage 726. Alternatively, both hydrogen and catalyst may be 
supplied through passage 728. The plasma gas is supplied to the 
torch by a plasma gas passage 726. Alternatively, both plasma 
gas and catalyst may be supplied through passage 728. 
25 Hydrogen flows from hydrogen supply 738 to a catalyst 

reservoir 716 via passage 742. The flow of hydrogen is 
controlled by hydrogen flow controller 744 and valve 746. 
Plasma gas flows from the plasma gas supply 712 via passage 
732. The flow of plasma gas is controlled by plasma gas flow 
3 0 controller 734 and valve 736. A mixture of plasma gas and 
hydrogen is supplied to the torch via passage 726 and to the 
catalyst reservoir 716 via passage 725. The mixture is 
controlled by hydrogen-plasma-gas mixer and mixture flow 
regulator 721. The hydrogen and plasma gas mixture serves as 

3 5 a carrier gas for catalyst parUcles which are dispersed into the 

gas stream as fine particles by mechanical agitation. The 
aerosolized catalyst and hydrogen gas of the mixture flow into 
the plasma torch 702 and become gaseous hydrogen atoms and 
vaporized catalyst ions (such as «6* ions from a salt of 

4 0 rubidium) in the plasma 704. The plasma is powered by a 

microwave generator 724 wherein the microwaves are tuned by 
a timable microwave cavity 722. Catalysis may occur in the gas 
phase. 

The amount of gaseous catalyst in the plasma torch can be 
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controlled by controlling the rate at which the catalyst is 
aerosolized with a mechanical agitator. The amount of gaseous 
catalyst can also be controlled by controlling the carrier gas flow 
rate where the carrier gas includes a hydrogen and plasma gas 
5 mixture (e.g., hydrogen and argon). The amount of gaseous 
hydrogen atoms to the plasma torch can be controlled by 
controlling the hydrogen flow rate and the ratio of hydrogen to 
plasma gas in the mixture. The hydrogen flow rate and the 
plasma gas flow rate to the hydrogen-plasma-gas mixer and 

10 mixture flow regulator 721 can be controlled by flow rate 
controllers 734 and 744, and by valves 736 and 746. Mixer 
regulator 721 controls the hydrogen-plasma mixture to the 
torch and the catalyst reservoir. The catalysis rate can also be 
controlled by controlling the temperature of the plasma with 

15 microwave generator 724. 

Hydrino atoms, dihydrino molecular ions, dihydrino 
molecules, and hydrino hydride ions are produced in the plasma 
704, Dihydrino molecules and hydrino hydride compounds may 
be cryopumped onto the manifold 706, or they may flow into a 

20 trap 708 such as a cryolrap through passage 748. Trap 708 

communicates with vacuum pump 710 through vacuum line 750 
and valve 752. A flow to the trap 708 is effected by a pressure 
gradient controlled by the vacuum pump 710, vacuum line 750, 
and vacuum valve 752. 

25 In another embodiment of the plasma torch hydrogen 

reactor shown in FIGURE 7, at least one of plasma torch 802 or 
manifold 806 has a catalyst supply passage 856 for passage of 
the gaseous catalyst from a catalyst reservoir 858 to the plasma 
804. The catalyst 814 in the catalyst reservoir 858 is heated by 

3 0 a catalyst reservoir heater 866 having a power supply 868 to 
provide the gaseous catalyst to the plasma 804. The catalyst 
vapor pressure can be controlled by controlling the temperature 
of the catalyst reservoir 858 by adjusting the heater 866 with 
its power supply 868. The remaining elements of FIGURE 7 

3 5 have the same structure and function of the corresponding 

elements of FIGURE 6. In other words, element 812 of FIGURE 7 
is a plasma gas supply corresponding to the plasma gas supply 
712 of FIGURE 6. element 838 of FIGURE 7 is a hydrogen supply 
corresponding to hydrogen supply 738 of FIGURE 6, and so forth. 

40 In another embodiment of the plasma torch hydrogen 

reactor, a chemically resistant open container such as a ceramic 
boat located insids ihe manifold contains the catalyst. The 
plasma torch manifold forms a cell which can be operated at an 
elevated temperature such that the catalyst in the boat is 
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sublimed, boiled, or volatilized into the gas phase. Alternatively, 
the catalyst in the catalyst boat can be heated with a boat heater 
having a power supply to provide the gaseous catalyst to the 
plasma. The catalyst vapor pressure can be controlled by 
5 controlling the temperature of the cell with a cell heater, or by 
controlling the temperature of the boat by adjusting the boat 
heater with an associated power supply. 

The plasma temperature in the plasma torch hydrogen 
reactor is advantageously maintained in the range of about 

10 5.000-30»000 ""C The cell may be operated at room temperature 
by continuously supplying catalyst Alternatively, to prevent 
the catalyst from condensing in the cell, the cell temperature can 
be maintained above that of the catalyst source, catalyst 
reservoir 858 or catalyst boat. The operating temperature 

15 depends, in part, on the nature of the material comprising the 
cell. The temperature for a stainless steel alloy cell is preferably 
about 0-1200 The temperature for a molybdenum cell is 
preferably about 0-1800 ^'C. The temperature for a tungsten cell 
is preferably about 0-3000 ^C. The temperature for a glass, 

20 quartz, or ceramic cell is preferably about 0-1800 ^C. Where the 
manifold 706 is open to the atmosphere, the cell pressure is 
atmospheric. 

An exemplary plasma gas for the plasma torch hydrogen 
reactor is argon which may also serve as a source of catalyst. 

2 5 Exemplary aerosol flow rates are about 0.8 standard liters per 

minute (slm) hydrogen and about 0.15 slro argon. An 
exemplary argon plasma flow rate is about 5 slm. An exemplary 
forward input power is about 1000 W, and an exemplary 
reflected power is about 10-20 W. 

3 0 In other embodiments of the plasma torch hydrogen 

reactor, the mechanical catalyst agitator (magnetic stirring bar 
718 and magnetic stirring bar motor 720) is replaced with an 
aspirator, atomizer, or nebulizer to form an aerosol of the 
catalyst 714 dissolved or suspended in a liquid medium such as 
35 water. The medium is contained in the catalyst reservoir 716. 
Or, the aspirator, atomizer, ultrasonic dispersion means, or 
nebulizer injects the catalyst directly into the plasma 704. The 
nebulized or atomized catalyst can be carried into the plasma 
704 by a carrier gas, such as hydrogen. 

4 0 The hydrogen plasma torch cell further includes an 

electron source in contact with the hydrinos, for generating 
hydrino hydride ions. In the plasma torch cell, the hydrinos can 
be reduced to hydrino hydride ions by contacting a redactant 
extraneous to the operation of the cell (e.g. a consumable 
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reductaot added to the cell from an outside source). Compounds 
comprising a hydrino hydride anion and a cation may be formed 
in the celL The cation which forms the hydrino hydride 
compound may comprise a cation of other element, an oxidized 
5 species such as a reductant, or a cation present in (he plasma 
(such as a cation of the catalyst). 

^ — Hydrogen RF and Micr owave Power and PTa^n^a Cell and 
Reactor 

0 According to an embodiment of the invention^ a reactor for 

producing power, plasma, and at least one of hydrinos, hydrino 
hydride ions, dihydrino molecular ions, and dihydrino molecules 
may take the form of a hydrogen microwave reactor. A 
hydrogen microwave gas cell reactor of the present invention is 
5 shown in FIGURE 8. Hydrinos arc provided by a reaction with a 
catalyst capable of providing a net enthalpy of reaction of 
m/2H2 ±0.5eV where m is an integer, preferably an integer 
less than 400 such as those given in TABLES I and 3 and/or by 
a disproportionation reaction wherein lower-energy hydrogen, 
0 hydrinos, serve to cause transitions of hydrogen atoms and 
hydrinos to lower-energy levels with the release of power 
Catalysis may occur in the gas phase. The catalyst may be 
generated by a microwave discharge. Preferred catalysis are 
He* or /Ir* from a source such as helium gas or argon gas. The 
5 catalysis reaction may provide power to form and maintain a 
plasma that comprises energetic ions. Microwaves that may or 
may not be phase bunched may be generated by ionized 
electrons in a magneUc field; thus, the magnetized plasma of the 
cell comprises an internal microwave generator The generated 
0 microwaves may then be the source of microwaves to at least 
partially maintain the microwave discharge plasma. 

The reactor system of FIGURE 8 comprises a reacUon 
vessel 601 having a chamber 660 capable of containing a 
vacuum or pressures greater than atmospheric. A source of 
5 hydrogen 638 delivers hydrogen to supply tube 642, and 
hydrogen flows to the chamber through hydrogen supply 
passage 626. The flow of hydrogen can be controlled by 
hydrogen flow controller 644 and valve 646. In an 
embodiment, a source of hydrogen communicating with chamber 
660 that delivers hydrogen to the chamber through hydrogen 
supply passage 626 is a hydrogen permeable hollow cathode of 
aa electrolysis cell of the reactor system. Electrolysis of water 
produces hydrogen, that permeates through the hollow cathode. 
The cathode may be a transition metal such as nickel, iron, or 
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titanium, or a noble metal such as palladium, or platinum, or 
tantalum or palladium coated tantalum, or palladium coated 
niobium. The electrolyte may be basic and the anode may be 
nickel» platinum, or a dimensionally stable anode. The 
electrolyte may be aqueous K^CO^. The flow of hydrogen into 

the cell may be controlled by controlling the electrolysis current 
with an electrolysis power controller. 

Plasma gas flows from the plasma gas supply 612 via 
passage 632. The flow of plasma gas can be controlled by 
plasma gas flow conlroller 634 and valve 636. A mixture of 
plasma gas and hydrogen can be supplied to the cell via passage 
626. The mixture is controlled by hydrogen-plasma-gas mixer 
and mixture flow regulator 621. The plasma gas such as helium 
may be a source of catalyst such as He* or //c^*, argon may be a 
source of catalyst such as Ar^, neon may serve as a source of 
catalyst such as Ne^* or Ne^^ and neon-hydrogen mixture may 
serve as a source of catalyst such as Ne^lH^, The source of 
caialyst and hydrogen of the mixture flow into the plasma and 
become catalyst and atomic hydrogen in the chamber 660. 

The plasma may be powered by a microwave generator 
624 wherein the microwaves are tuned by a tunable microwave 
cavity 622. carried by waveguide 619, and can be delivered to 
the chamber 660 though an RF transparent window 613 or 
antenna 615. Sources of microwaves known in the art are 
traveling wave tubes, klystrons, magnetrons, cyclotron 
resonance masers, gyrotrons, and free electron lasers. The 
waveguide or antenna may be inside or outside of the celU In 
the latter case, the microwaves may penetrate the cell from the 
source through a window of the cell 613. The microwave 
window may comprise Alumina or quartz. 

In another embodiment, the cell 601 is a microwave 
resonator cavity. In an embodiment, the source of microwave 
supplies sufficient microwave power density to the cell to ionize 
a source of catalyst such as at least one of helium, neon- 
hydrogen mixture, and argon gases to form a catalyst such as 
He\ Ne^y and Ar^ , respectively. In such an embodiment, the 
microwave power source or applicator such as an antenna, 
waveguide, or cavity forms a nonthermal plasma wherein the 
species corresponding to the source of catalyst such as helium or 
argon atoms and ions have a higher temperature than that at 
thermal equilibrium. Thus, higher energy states such as ionized 
states of the source of catalyst are predominant over that of 
hydrogen compared to a corresponding thermal plasma wherein 
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excited states of hydrogen are predominant In an embodimenl 
Uie source of catalyst is in excess compared to the source of ' 
hydrogen atoms such that the formation of a nonthermal plasma 
IS favored. The power supplied by the source of microwave 
5 power may be delivered to the cell such Uiat it is dissipated in 
the formation of energetic electrons within about the electron 
mean free path. In an embodiment, the total pressure is about 
0.5 to about 5 Torr and the mean electron free path is about 0 1 
cm to 1 cm. In an embodiment, die dimensions of the cell are 
1 0 greater than the electron mean free path. In an embodiment 
the cavity is at least one of the group of a reentrant cavity such 
as an Evenson cavity, Bcenakker, McCarrol, and cylindrical 
cavity. In an embodiment, the cavity provides a strong 
electromagnetic field which may form a nonthennal plasma, 
the strong electromagnetic field may be due to a TM,^ mode of a 
cavity such as a Beenakker cavity. In a preferred embodiment 
the cavity provides an E mode rather than an M mode. In a ' 
preferred embodiment, the cavity is a reentrant cavity such as 
an Bvenson cavity that forms a plasma with an E mode. Multiple 
sources of microwave power may be used simultaneously For 
example, the microwave plasma such as a nonthermal plasma 
may be maintained by multiple Evenson cavities operated in 
parallel to form the plasma in Uie microwave cell 601 The cell 
may be cylindrical and may comprise a quarts cell with Evenson 
cavities spaced along the longitudinal axis. In another 
cmbodunent a multi slotted antenna such as a planar antenna 
serves as the equivalent of multiple sources of microwaves such 
as dipole-antcnna-equivalent sources. One such embodiment is 
given in Y Yasaka. D. Nozaki, M. Ando, T. Yamamoto, N. Goto. N 
Ishu. T. Morimoto. "Production of large-diameter plasma usine 
^ P'^"^' antenna.- Plasma Sources Sci. Technol., Vol. 

8. (1999). pp. 530-533 which is incorporated herein by 
reference in its entirety. 

In an embodiment, of the hydrogen microwave power and 
plasma cell and reactor, the output power is optimized by using 
a cavity such as a reentrant cavity such as an Evenson cavity 
and tuning the cell to an opUmal voltage staging wave. In an 
embodiment, the rellected versus input power is tuned such 
that a desired voltage standing wave is obtained which 
opumizes or controls the output power. Typically, the ratio of 
the maximum voltage to the minimum voltage on the 
transmission line determines the voltage standing wave In 
another embodiment, the cell comprises a tunable microwave 
cavity having a desired voltage standing wave to optimize and 
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control the output power. 

»^A% Jnay further comprise a magnet such a solenoidal 
magnet 607 to provide an axial magnetic field. The ions such as 
electrons formed by the hydrogen catalysis reaction produce 
5 microwaves to at least partially maintain the microwave 

discharge plasma. The microwave frequency may be selected to 
eiticiently form atomic hydrogen from molecular hydrogen It 
may also effectively form ions that serve as catalysts froiu' a 
^^J^'^e of catalyst such as Ne\ Ne^lW, or Ar* catalysts from 
10 helium, neon, neon-hydrogen mixtures, and argon eases 
respectively. a^^^, 

. T''L^'"°T* ^'^^"'^"•^y is preferably in the range of 

Jn^?.^ '"^^^ V^^i^^h\y in the range 

I s tTl a? '° preferably in the range of 

1 5 about 75 MHz ± 50 MHz or about 2.4 GHz ± 1 GHz. 

A hydrogen dissociator may be located at the wall of the 
reactor to increase the atomic hydrogen concentrate in the cell 
The reactor may furUier comprise a magnetic field wherein the 

>0 ». ,™'^ ^ P'^^''^" '""enetic confinement to 

10 tncrease the electron and ion energy to be converted into power 

by means such as a magnetohydrodynamic or plasmadynamic 
power converter. 

A vacuum pump 610 may be used to evacuate the 
chamber 660 through vacuum lines 648 and 650. The cell may 

r-LT! y^t' """^ conditions with the hydrogen and the 
catalyst supplied continuously from catalyst source 612 and 

Sr'ln".'^"'" S«seous catalyst may be 

controlled by controlhng the plasma gas flow rate where the 
plasma gas includes a hydrogen and a source of catalyst (e.g.. 
0 hydrogen and argon or helium). The amount of gaseous 

hydrogen atoms to the plasma may be controlled by controlling 
he hydrogen flow rate and the ratio of hydrogen to plasma gas 

rate lo the hydrogcn-plasma-gas mixer and mixture flow 
Zf I t T •^""^^"^^ by rate controllers 634 and 

fh. ^ "'I*'"' '"^ ^'^^^ '«^g"l«tor 621 controls 

the hydrogen-plasma mixture to the chamber 660. The catalysis 
rate is also comrolled by controlhng the temperature of the 
piasma with microwave generator 624. 

' ^^^'^'y^'f 0""r in *e gas phase. Hydrino atoms, 

dihydrino molecular ions, dihydrino molecules, and hydrino 
hydnde ions are produced in the plasma 604. Dihydrino 
molecules and hydrino hydride compounds may be cryopumped 
onto the wall 606. or they may flow into a 608 such as a 
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cryotrap ihrough passage 648. Trap 608 communicates with 
vacuum pump 610 through vacuum line 650 and valve 652 A 
flow to the trap 608 can be effected by a pressure gradient 
controlled by the vacuum pump 610. vacuum line 650 and 
5 vacuum valve 652. 

In another embodiment of the hydrogen microwave 
reactor shown in FIGURE 8. the wall 606 has a catalyst supply 
passage 656 for passage of the gaseous catalyst from a catalyst 
reservoir 658 to the plasma 604. The catalyst in the catalyst 
1 0 reservoir 658 can be heated by a catalyst reservoir heater 666 
havmg a power supply 668 to provide the gaseous catalyst to 
the plasma 604. The catalyst vapor pressure can be controlled 
by controlling the temperature of the catalyst reservoir 658 by 
adjustmg the heater 666 with its power supply 668. The 
catalyst in the gas phase may comprise those given in TABLES I 
and 3. hydrinos, and those described in the Mills Prior 
Publication. 

In another embodiment of the hydrogen microwave 
reactor, a chemically resistant open container such as a ceramic 
boat located inside the chamber 660 contains the catalyst. The 
reactor further comprises a heater that may maintain an 
elevated temperature. The cell can be operated at an elevated 
temperature such that the catalyst in the boat is sublimed 
boiled, or volatilized into the gas phase. Alternatively, the 
15 catalyst m the catalyst boat can be heated with a boat heater 
having a power supply to provide the gaseous catalyst to the 
plasma. The catalyst vapor pressure can be controlled by 
conlrolhng the temperature of the cell with a cell heater or by 
controlling the temperature of the boat by adjusting the boat 
jU neater with an associated power supply. 

In an embodiment, the hydrogen microwave reactor 
further comprises a structure interact with the microwaves to 
cause localized regions of high electric and/or magnetic field 
strength. A high magneUc field may cause electrical breakdown 
of the gases m the plasma chamber 660. The electric field may 
torm a nonthermal plasma that increases the rate of catalysis by 
methods such as the formation of the catalyst from a source of 
catalyst. The source of catalyst may be argon, neon-hydrogen 
mixture, helium to form He\ Ne\ and Ar^ , respectively. The 
structures and methods are equivalent to those given in the 
Plasma Torch Cell Hydride Reactor section of my previous PCT 
Application # filed March 2002. 

The nonthermal plasma temperature corresponding to the 
energetic ion and/or electron temperature as opposed to the 
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gas temperature in the 
microwave cell reactor is advantageously maintained in the 
S r K 5.000-5,000.000 -C. The cell may be operated 
withou heating or msuIaUon. Alternatively, in the case that the 

IZ^^i^T ^ }r ^^''f '^'"y- *^ <^«" temperature is maintained 
above that of the catalyst source, catalyst reservoir 658 or 
catalyst boat to prevent the catalyst from condensing in the cell 
The operating temperature depends, in part, on the nature of 

1 n iJli^T" *;rP"'^"^ *^ '^^^ temperature for a stainless 

10 steel alloy cell is preferably about 0-1200°C. The temperature 
ror a molybdenum cell is preferably about 0-1800 The 
temperature for a tungsten cell is preferably about 0-3000 °C 

rbout7-180o"'c/°' ' '"^ ^'^^'''^'y 



15 



25 



40 



The molecular and atomic hydrogen partial pressures in 
the chamber 660, as well as the catalyst parUal pressure, is 
p/^ferably maintained in the range of about I mtorr to about 
100 atm. Preferably the pressure is in the range of about 100 
mtorr to about 1 atm. more preferably the pressure is about 100 
20 mtorr to about 20 torr. 

An exemplary plasma gas for the hydrogen microwave 
reactor is argon. Exemplary flow rates are about 0.1 standard 
liters per minute (slm) hydrogen and about 1 slm argon. An 
exemplary forward microwave input power is about 1000 W 
The flow rate of the plasma gas or hydrogen-plasma gas mixture 
such as at least one gas selected for the group of hydrogen 
argon, helium, argon-hydrogen mixture, helium-hydrogen 
mixture, water vapor, ammonia is preferably about 0-1 
standard liters per minute per cm' of vessel volume and more 
preferably about 0.001 -10 sccra per cm' of vessel volume. In 
the case of an hehum-hydrogen. neon-hydrogen, or argon- 
hydrogen mixture, preferably helium, neon, or argon is in the 
range of about. 99 to about 1 %, more preferably about 99 to 
about 95%. The power density of the source of plasma power is 
preferably in the range of about 0.01 W to about 100 W/cm' 
vessel volume. 

In other embodiments of the microwave reactor the 
catalyst ,nay be agitated and suppUed through a flowing gas 
sueam such as the hydrogen gas or plasma gas which may be an 
additional source of cataiyst such as helium or argon gas The 
source of catalyst may also be provided by an aspirator 
atomizer, or nebulizer to form an aerosol of the source of 
catalyst The catalyst which may become an aerosol may be 
dissolved or suspeuded in a liquid medium such as water The 



30 



35 



wo 2005/04 U68 



PCT/DS2004/03SM3 



90 



15 



20 



30 



35 



40 



medium may be contained in the catalyst reservoir 614 
Alternatively, the aspirator, atomizer, or nebulizer may inject 
the source of catalyst or catalyst directly into the plasma 604 
In another embodiment, the nebulized or atomized catalyst may 
5 be carried tnto the plasma 604 by a carrier gas, such as 
hydrogen, helium, neon, or argon where the helium, neon- 
hydrogen, or argon may be ionized to He\ Ne\ or Ar* 
respectively, and serve as hydrogen catalysts.' 
7 n oox ^^y^°Se'n may serve as the catalyst according to Eqs. (30- 
1 0 32). In an embodiment the catalysis of atomic hydrogen to form 
mcreased-binding-energy-hydrogen species is achieved with a 
hydrogen plasma. The cavity may be reentrant cavity such as 
an Evenson cavity. The hydrogen pressure may be in the range 
of about 1 mtorr to about 100 atm. Preferably the pressure is in 
the range of about 100 mtorr to about 1 atm. more preferably 
the pressure is about 100 mtorr to about 10 torr. The 
microwave power density may be in the range of about 0 01 W 
to about 100 WW vessel volume. The hydrogen flow rate 
may be in the range of about 0-1 standard liters per minute per 
cm of vessel volume and more preferably about 0.001-10 seem 
per cmr of vessel volume. 

The microwave cell may be interfaced with any of the 
converters of plasma or thermal energy to mechanical or 
electrical power described herein such as the magnetic mirror 
magnetohydrodynamic power converter, plasraadynamic power 
converter, or heat engine, such as a steam or gas turbine system, 
sterling engine, or thermionic or thermoelectric converter given 
m Mills Prior Publications. In addition it may be interfaced with 
the gyrotron. photon bunching microwave power converter 

P**"'*'^' °' Photoelectric converter as disclosed in 
Mills Prior Publications. 

The hydrogen microwave reactor further includes an 
electron source in contact with the hydrinos, for generating 
hydnno hydride ions. In the cell, the hydrinos may be reduced 
to hydnno hydride ions by contacting a reductant extraneous to 
the operauon of the cell (e.g. a consumable reductant added to 
the cell from an outside source). In an embodiment, the 
microwave cell reactor further comprise a selective valve 618 
for removal of lower-energy hydrogen products such as 
dihydnno molecules. Compounds comprising a hydrino hydride 
anion and a cation may be formed in the gas cell. The cation 
which forms the hydrino hydride compound may comprise a 
cation of other element, a cation of an oxidized added reductant, 
or a cation present in the plasma (such as a cation of the 
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catalyst). 

Metal hydrino hydrides may be fonned in the microwave 
plasma reactor having a hydrogen plasnaa and a source of metal 
such as a source of the metals given in TABLE 3 that serve as 
both the catalyst and the rcactant. The metal atoms may be 
provided by vaporization through heating. In one embodiment, 
the metal is vaporized from a hot filament containing the metal. 
The vapOT pressure of the metal is maintained in the range 
0.001 Torr to 100 Torr and the hydrogen plasma is maiiitaincd 
la the range 0.001 Torr to 100 Torr. Preferably the range for 
both metal and hydrogen is 0.1 Torr to 10 Torr. 

2- — Hydrogen Capacitively and Inductively Coupled RF Plasma 
and Pow er CcU and Reacto^ 

According to an embodiment of the invention, a reactor for 
producing power and at least one of hydrinos, hydrino hydride 
ions, dihydrino molecular ions, and dihydrino molecules may 
take the form of a hydrogen capacitively or inductively coupled 
RF power and plasma cell and reactor. A hydrogen RP plasma 
reactor of the present invention is also shown in FIGURE 8. The 
cell structures, systems, catalysts, and methods may be the same 
as those given for the microwave plasma cell reactor except that 
the microwave source may be replaced by a RF source 624 with 
an impedance matching network 622 that may drive at least one 
electrode and/or a coil. The RF plasma ceil may further 
comprise two electrodes 669 and 670. The coaxial cable 619 
may connect to the electrode 669 by coaxial center conductor 
615. Alternatively, the coaxial center conductor 615 may 
connect to an external source coil which is wrapped around the 
cell 601 which may terminate without a connection to ground or 
It may connect to ground. The electrode 670 may be connected 
to ground in the case of the parallel plate or external coil 
embodiments. The parallel electrode cell may be according to 
the industry standard, the Gaseous Electronics Conference (GEC) 
Reference Cell or modification thereof by those skilled in the art 
as described in G A. Hebner. K. E. Greenberg, "Optical diagnostics 
m the Gaseous electronics Conference Reference Cell J Res Natl 
Inst. Stand. Technol., Vol. 100, (1995), pp. 373-383;' V. S. Gathen 
J. Ropcke, T. Cans, M. Kaning, C. Lukas, H. F. Dobele, "Diagnostic 
studies of species concentrations in a capacitively coupled RF 
plasma containing CH,-H,-Ar," Plasma Sources Sci. Technol 
Vol. 10, (2001), pp. 530-539; P. J. Hargis, et al.. Rev. Sci 
Insirum.. Vol. 65, (1994), p. 140; Ph. Belcnguer, L. C. Pitchford, J 
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C. Hubinois, "Electrical characterisUcs of a RF-GI>-OES cell " J 
Anal. At. Spectrom., Vol. 16, (2001). pp. 1-3 which are herein 
incorporated by reference io their enUrety. The cell which 
comprises an external source coil such as aI3.56 MHz external 
5 source coil microwave plasma source, is as given in D. Barton J 
W. Bradley. D. A. Steele, and R. D. Short, "investigating radio' 
frequency plasmas used for the modification of polymer 
surfaces." J. Phys. Chem. B, Vol. 103, (1999), pp. 4423-4430; D. T. 
Clark, A. J. Dilks. J. Polyra. Sci. Polym. Chem. Ed., Vol, 15 (1977) 

1 0 p. 2321; B. D. Beake, J. S. O. Ung, G, J. Leggelt, J. Mater. Oiem.. 
Vol. 8, (1998). p. 1735; R. M. France, R. D. Short, Faraday Trans 
Vol. 93. No. 3. (1997). p. 3173, and R. M. France, R. D. Short. 
Langxnuir. Vol. 14. No. 17. (1998), p. 4827 which are herein 
incorporated by reference in their entirety. At least one wall of 

15 the cell 601 wrapped with the external coil is at least partially 
transparent to the RF excitation. The RF frequency is preferably 
in the range of about 100 Hz to about 100 GHz. more preferably 
m the range about 1 kHz to about 100 MHz, most preferably in 
the range of abont 1 3.56 MHz ± 50 MHz or about 2.4 GHz ± 1 

20 GHz, 

In another embodiment, an inductively coupled plasma 
source is a toroidal plasma system such as Uie Astron system of 
Astex Corporation described in US Patent No. 6,150,628 which is 
herein incorporated by reference in its entirety. In an 

25 embodiment, the field strength is high to cause a nonthermal 

plasma. The toroidal plasma system may comprise a primary of 
a transformer circuit. The primary may be driven by a radio 
frequency power supply. The plasma may be a closed loop 
which acts at as a secondary of the transformer circuit. The RF 

30 frequency is preferably in the range of about 100 Hz to about 
100 GHz. more preferably in the range about 1 kHz to about 100 
MHz, most preferably in the range of about 13.56 MHz + 50 MHz 
or about 2.4 GHz ± 1 GHz. 

In an embodiment, the plasma -cell is driven by at least 
one of a traveling and a standing wave plasma generators such 
as given in Fossa [A. C. Fossa, M. Moisan. M. R. Wertheimer, 
vacuum ultraviolet to visible emission from hydrogen plasma: 
effect of excitation frequency". Journal of Applied Physics, . Vol. 
88 No. 1, (2000). pp. 20-33 which is herein incorporated by 
40 reference in its entirety]. 

In another embodiment, the frequency of the cell is 50 
kHz and is driven by a radio frequency generator such as that 
given by Bzenic ct. al. [S. A. Bzenic, S. B. Radovanov S B 
Vrhovac. Z. B. Velikic. and B. M. Jelenkovic. "On the mechanism 
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Of Doppler broadening of Hp aftar dissociative excitation in 
hydrogen glow discharges". Cbem. Phys. Lett., Vol. 184. (1991). 
pp. 108-112 which is herein incorporate by reference in its 
entiretyj, 

5 In another embodiment of the plasma cell for the 

production of power and lower-energy-hydrogen compounds, 
the cell comprises a helicon as described in Asian Particle 
Accelerator Conference (APAC98), March 26th - Poster 
PrescntaUon 6D-061, Development of DC Accelerator Ion Sources 
1 0 using Helicon Plasmas p.825, G.S, Eom. I.S. Hong, Y.S. Hwang. 
KAIST, Taejon, 

<http://acceIconf.web,cern.ch/AccelConf/a98/APAC98/6D061.PD 
F>http://accelconf.web.cern.ch/AccelConf/a98/APAC98/6D06l.P 
DFG which is herein incorporated by reference in its entirety. 

4- plasma Confine ment by Spatially Controlling Cataly sk 

The plasma formed by the catalysis of hydrogen may be 
confined to a desired region of the reactor by structures and 
methods such as those that control the source of catalyst, the 
20 source of atomic hydrogen, or the source of an electric or 
magnetic field which alters the catalysis rate as given in the 
Adjustment of Catalysis Rate section. In an embodiment, the 
reactor comprises two electrodes, which provide an electric field 
to control the catalysis rate of atomic hydrogen. The electrodes 
25 may produce an electric field parallel to the z-axis. The 

electrodes may be grids oriented in a plane perpendicular to the 
z-axis such, as grid electrodes 305 and 320 shown in FIGURE 4. 
The space between the electrodes may define the desired region 
of the reactor. The electrodes may be used in any or the other 
3 0 reactor of the present invention to catalyze atomic hydrogen to 
lower-energy states soch as a plasma electrolysis reactor, 
barrier electrode reactor, RF plasma reactor, pressurized gas 
energy reactor, gas discharge energy reactor, microwave cell 
energy reactor, and a combination of a glow discharge cell and a 

3 5 microwave and or RF plasma reactor. 

In another embodiment, a magnetic field may confine a 
charged catalyst such as Ar* to a desired region to selectively 
form a plasma as described in the Noble Gas Catalysts and 
Products section. In an embodiment of the cell, the reaction is 

4 0 mamtained in a magnetic field such as a. solenoidal or minimum 

magnetic (minimum B) field such (hat a second catalyst such as 
Ar' IS trapped and acquires a longer half-life. The second 
catalyst may be generated by a plasma- formed by hydrogen 
catalysis using a first catalyst. By confining the plasma, the ions 
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such as the electrons become more energetic^ which increases 
the amount of second catalyst such as Ar*. The confinement also 
increases the energy of the plasma to create more atomic 
hydrogen. 

5 In another embodiment, a hot filament which dissociates 

molecular hydrogen to atomic hydrogen and which may also 
provide an electric field that controls the rate of catalysis may 
be used to define the desired region in the cell. The plasma may 
form substantially in the region surrounding the filament 
10 wherein at least one of the atomic hydrogen concentration, the 
catalyst concentration, and the electric field provides a much 
faster rate of catalysis there than in any undesired region of the 
reactor. 

In another embodiment, the source of atomic hydrogen 
15 such as the source of molecular hydrogen or a hydrogen 

dissociator may be used to determine the desired region of the 
reactor by providing atomic hydrogen selectively in the desired 
region. 

In an another embodiment, the source of catalyst may 
20 determine the desired region of the reactor by providing 
catalyst selectively in the desired region. 

In an embodiment of a microwave power celU the plasma 
may be maintained in a desire region by selectively providing 
microwave energy to that region with at least one antenna 615 
25 or waveguide 619 and RF window 613 shown in FIGURE 8. The 
cell may comprise a microwave cavity which causes the plasma 
to be localized to the desired region. 

5.^ — Hydrog en Multicusp Power and Plasma Cell and Reacto^ 
30 In an embodiment, the power and plasma ceil and reactor 

comprises a filament, a vacuum vessel capable of pressures 
above and below atmospheric, a source of atomic hydrogen, a 
source of catalyst to catalyze atomic hydrogen to a lower-energy 
state given by Eq. (1), a means to negatively bias the walls of 
3 5 the cell relative to the filament, and magnets to confine a plasma 
generated in the cell which is formed or enhanced by the 
catalysis reaction (rt-plasma). In an embodiment, the reactor is 
described in M. Pealat. J. P. E. Taran, M. Bacal. R Million, J. Chem. 
Phys., Vol. 82, (1985), p. 45943-4953 and J. Perrin, J, P. M. 
40 Schmitt, Chem. Phys. Letts., Vol. 112, (1984). pp. 69-74 which 
are herein incorporated by reference in their entirety. In this 
case, in addition, the cell further comprises a source of catalyst 
to catalyze atomic hydrogen to a lower-energy state given by Eq. 
(1). An embodiment of the multicusp cell is shown in FIGURE 3 
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wherein the walls are negative biased by a power supply, and 
magnets such as permanent magnets that enclose the cell to 
confine the plasma generated inside the cell 200, 
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6. Hvdrnfff.n T a^^r 

The present Invention comprises a laser wherein in one 
embodiment, the laser medium comprises where „ is an 

integer and Kp^m. Using is due to at least one stimulated 
5 transiuon between excited vibration-rotational levels of //(!/„) 
Lasmg occurs with a stimulated transition from a vibration- 
rotafonal level to another lower-energy- level other than one 
with a sigmficanl Boltzmann population at the cell neutral-fias 
temperature such as one with both v and y = o wherein the 
10 vibrafon-rotauonal levels of //,{i/p) comprise an inverted 
population. The laser comprises a laser cavity, cavity mirrors, 
and a pumping power source to form an inverted population and 
to cause stimulated emission of radiation. These components Tre 
known by those skilled in the art and are appropriate foHe 
15 desired wavelength, similar to those of current lasers based on 
molecular vibration-rotational levels such as the CO, laser 
However, an advantage exists to produce laser light at much 

lev.r.fTf,rf ^ ^^'^'^ °» vibration-rotational 

levels of H,{l/p) may lase in the range infrared to soft X-ray 

... v'bration-rotaUonal excitation may be by a direct 
collisional excitation. Alternatively, the excitation may be by an 
energy exchange with an excited state species such as an excited 
25 activator molecule. The direct excitation and the excitation o 

a particle beam such as an electron beam or collision with an 
energetic species accelerated by power input to the cell The 

30 n^T", '° ^P^^'*^ ""^y ^ 'east one of a 

30 parucle beam such as an electron beam and microwave high 
voltage, and RF discharges. '"wave, nign 

The laser medium may further comprise an activator 
molecule such as 0„ N,, CO,, CO, NO,. NO, XX where each of X 

35 such 1 I « ^^^'''^^ of 

35 such as at least one of a particle beam such as an electron beam 

microwave, glow, or RF discharge power. The excited [Zy^^' 
may form an inverted population comprising excited vibraUon- 
ro ational levels of H,(Up) by an energy exchange such Ta 
coJlisional energy exchange with H^{\lp). 
0 In the case that a high pressure noble catalyst-hydroaen 

mmure such as an argon-hydrogen mixture is used, the ^ 
formation of a plasma with an electron beam may result in the 
formation of a high concentration of excimers s"ch as 7. iL 
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noble catalyst-hydrogen mixture may be mamtained in the high 
pressure range of about 100 mTorr to 100 atm, preferably in the 
range of about 10 Torr to 10 atm. more preferably in range of 
about 100 Torr to 5 atm, and most preferably in the range of 
about 300 Torr to 2 atm. In addition to the formation of the 
catalyst from a source by electron-beam ionization, a source of 
ionizing Ion may be added to form the catalyst from the source 
of catalyst. In an emfaodimenl, He\ Ne^fH*^ or Ar^ catalysts 
arc formed from a source comprising helium, neon, neon- 
hydrogen mixture, and argoa gases, respectively. The source of 
catalyst may be ionized to form the catalyst by means such as 
the electron beam and secondarily ionize the source of catalyst 
to form the catalyst The ionizing ion may be O* from O^. The 
ionizing ion may react with noble gas excimers to form the 
15 catalyst. Tlie excimers may be He^,*, Ne^*, Ne^*, and /Ir,*. and 
tlie catalysts may be I{e\ Afe+, Ne^/H' or Ar\ respectively. 

In an embodiment wherein the plasma is maintained with 
an electron beam from a gun. free electrons may serve as the 
catalyst wherein the free electrons undergo an inelastic 
20 scattering reaction with hydrogen atoms. 

In an embodiment, the ionization energy of the noble gas 
atom is higher than the energy released when the ionizing ion is 
reduced by ionizing the noble gas atom. The ionization of the 
noble gas atom occurs because the noble gas atom comprises an 
25 excimcr in an excited slate. The excited state energy makes the 
ionization energetically favorable. In an embodiment, Ar^* has 
an excited state energy of about 9-10 eV; thus, the ionization 
reaction 

is energetically favorable wherein the first ionization energies of 
Ar and O are 15.75962 and 13.61806 eV, respectively. 

The pumping power source may a particle bean such as an 
electron beam. The electron beam may that described by J 
Wieser, D. E. Murnick, A, Ulrich, H. A Higgins, A. Liddle, W, L. 
35 Brown, "Vacuum ultraviolet rare gas excimer light source" Rev 
Sci. lustrum.. Vol. 68, No. 3, (1997), pp. 1360-1364 and A. 
Ulrich. J. Wieser, D, E. Murnick. "Excimer Formation Using Low 
Energy Electron Beam Excitation". Second International 
Conference on Atomic and Molecular Pulsed Lasers, Proceedings 
of SPJE. Vol. 3403, (1998), pp. 300-307 which are herein 
jncorporated by reference in their entirety. 

The pumping power source may be from the catalysis of 
atomic hydrogen to states having a binding energy given by 
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p - « 13.598 eV 

ri'lKe.a,, ~ „' (91) 

2*3'4'"**7' ^-^^'^ *^ 3" integer (92) 
In an embodiment of the power cell and hydride reactor to form 
atomic states of hydrogen having energies given by iMlK 

' ^'^""-^ hydrogen':.; a 

ionizaU^n or excLr foSon Z ' ''^ 
excime, may be an on Tarn Lr'"' f*^"" 

window into a cell canaWe of IlL '^^"S'' « 

10 g.a.r .an -oUK^^s" rr ^taV^^^^^^^^ 

15 to 100 MeV. p^feraMv on?/ ^""^^ ^^-^ 0.1 

more preferably to iJl^^" %""f °^ ^ ^eV, 

most preferS^^y^n ,he%anlf of K "'.'2^ 
beam current Lv be in S . '.^^^ *° ^^"^^ '^'^ 

itSn VltaThvH '0 M to 1 A. The bean, may 

may be formedTa Si^ciator traf "J-! 
5 as platinum, palladium St^T n'^:, " "^^^^ ^"^'^ 
The source of „ay external, or H(\/n\ mav h« 

generated insitu by the catalv<:lc ^r '."^ may be 

//(I/P) that furthe^^eacts to forL L ? tk'T"" 

' operation, tlr^ u /In " '''^ 

rt-plasma reactor a p asma ' ''^^^ ^""^ «f ^" 

electrode reactor RF ^Jal. ^^"^^ 
reactor, gas dit ha^ge KlTy ^"^^^^ 
reactor, and a covnhf Lt^ H . """owave cell energy 
microwave and or ^ 0^"°^ ' ^'"'^ *''^*^''^^2e cel. and a 

Each reactor comJriS a source".'??/ ^'"'^'^^ 
molten, liquid TnTl,, hydrogen; one of a solid. 

hydrogen e iS;rwhern 1 "^^^-'^ ^ ^^^^^^ 

-Jiyst wherem the reaction to form lower- 
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energy hydrogen occurs by conCact of the hydrogen with the 
catalyst; and a means for providing the lower-energy hydrogen 
product //,(!//,) to the laser cavity to comprise the laser medium. 

The laser further comprises a laser cavity, cavity mirrors 
and a power source that may at least parUally comprise a cell 
for the catalysis of atomic hydrogen to form novel hydrogen 
species and/or composiUons of matter comprising new forms of 
hydrogen. The reaction may be maintained by a parUcle beam 
microwave, glow, or RF discharge plasma of a source of atomic ' 
hydrogen and a source of catalyst such as argon to provide 
catalyst Ar*. A species such as oxygen may react with the source 
of catalyst such as Ar^ to form the catalyst such as Ar*. At least 
one of the power from catalysi.s and an external power source 
maintains //,(!//>) in an excited vibraUon-rotational state from 
15 which stimulated emission may occur. 

The cavity is designed according to the laser wavelength 
Lasmg IS due to at least one stimulated transidon between 
excited vibration-rotational levels of H,{yp) other than one to a 
state that is has a substanUal population at the gas temperature 
of the laser cavity. As p becomes high, only the w = 0 and J = 0 
levels arc ordinarily populated. Then, excitation to a higher 
level comprises an inverted population relative to lower-levels 
other than one to a state with both v and J = 0. Then the 
VibraUon-rotational levels of H^{Up) comprise an inverted 
population and stimulated emission may occur between levels of 
the inverted population. In the case that higher energy Jevels 
are significantly populated at the neutral gas temperature, the 
pumped population must be increased to achieve an 
overpopulation capable of lasing relative to this level. 
AltemaUvely, a lower level is selected such that inverted and 
overpopulation populations are achieved relative to a higher 
energy lower-level. Table 4A and B give the vibrational 
energies and rotational energies H^{Up) according to Eqs. (60) 
iind (65). respectively. TABLES 5A and B to TABLES 9A and B 
give the energies of the P and R branches of H,{U2) to H^{i/6) for 
the u = l->u=o vibrational transition with A/ = +l. Laser 
transitions are possible at these wavelengths except in the case 
that the lower level is significantly populated at the cavity cas 
temperature such as the P(l) and R(0) transition is some cases. 

Table 4A and B give the vibrational energies and rotational 
energies lU\/p) according to Eqs. (60) and (65). respectively 

r»ni'';f ^ 7''^^^^ ^2A and B give the energies of the 

P and R branches of //,(1/|2) to /f,(i/i4) for the t)=l->v=0 
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vibmional transition with A/=:+l. Laser transitions are possible 
at these wavelengths except in the case that the lower level is 

ni) and R(0) transition is some cases. These wavelengths are 
preferred for EUV photolithography as described in J E 
rr Hthography-the successor to optical 

HesTriu/r' I^^'^^^ey Journal. Q3, (1998). pp. 1-8; K. 
r ^ i : f"ff* °' ^' Ross'"^'"*, R. Steininger. V. Saile. J Wust 

r^dSon" T™' (EUV) sources based on synchrotron 

radiation . Proceedings of the 2001 Particle Accelerator 
Conference. Chicago, pp. 654-656. Specific preferred 
wavelengths that are suitable for available or anticipated 
mirrors and other components are 13.4-13.5 nm and 113 nin 
FKV r.K^ enibodiment tliat provides EUV laser emission for" 
CUV hthography the mirrors may comprise multilayer, ihin-film 
eoaiings such as distributed Bragg reflector as described by J E 
Bjorkholm EUV lithography-the successor to optical 
bthography? . Intel Technology Journal, Q3. (1998). pp. 1-8 
wh^h .s herein incorporated by reference. In preferred 
embodiments, the EUV laser wavelength is in the region 
between about I and 14 nm. In this case, the gas may be at 
least one of //,(1/I2). //,(,/i3). and //,(,/|4). The transitions are 
given m 1ABLES lOA and U to TABLES 12A and B. In a further 
preferred embodiment, the mirror is Mc:Sim that has been 
optimized for peak reflectivity at 13.4 nin. 

TABLE 4A. The vibrational energies of H,{l/p) as a function of p 
given by Eq. (60). 



9 


eV 


I 


0.5159 


2 


2.0636 


3 


4.6431 


4 


8.2544 


5 


12.8976 


6 


18.5725 


12 


74,2899 


13 


87.2 874 


14 


I0KJ168 



TABLE 4B. The magnitude of the rotational energies of IfJUp) 
for A/ = ±1 as a function of p given by Eq. (65). - 

P cV 

' 0.0151 

^ 0.0604 
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3 0.1358 

4 0.2414 

5 0.3773 

6 0.5432 

12 2.1730 

13 2.5502 

14 2.9576 

Table 5 A. Tlie energies of the P branch of H^{\f2) for the 
v = l-»«=0 vibraUonal transition with AJ^^h 

cV n in 

1 2.0032 618.92 

2 1.9429 638.15 

3 1.8825 658.61 

4 1,8222 680.43 

5 1-7618 703.74 
^ 1.7014 728.70 

7 1.641 1 755.51 

8 1,5807 784.36 

9 1.5204 815.49 

10 1.460O 849.21 

Table SB. The energies of the R branch of H^{\/2) for the 

u = l->i; = 0 vibrational transition with A7 = -l. 

^ cV n m 

^ 2.1240 583.74 

2 2.1843 567.61 

3 2.2447 552.35 

4 2.3050 537.89 

5 2.3654 524.16 

6 2.4258 511.12 
^7 2.4861 498.71 
^ 2,5465 486.89 

9 2.6068 475.61 

10 2.6672 464.85 

Table 6A. The energies of the P branch of H^il/3) for the 
u = l-^u = 0 vibrational transition with Ai=+L 

J+i eV I) m 

^ 4.5073 275.08 

2 4.3715 283.62 

' 3 4.2357 292.72 

4 4.0999 302.41 

5 3.9641 312.77 

6 3.8283 323.87 
'7 3.6924 335.78 
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8 3.5566 348.60 

9 3.4208 362.44 

10 3.2850 377.43 

Table 6B. The energies of the R branch of H^(IJ3) for the 
v = l-^ti^O vibrational transition with = 



J 


eV 


n m 


I 


4.7789 


259.44 


2 


4.9147 


252.27 


3 


5.0505 


245.49 


4 


5,1864 


239.06 


5 


5.3222 


232.96 


6 


5.4580 


227.16 


7 


5.5938 


221.65 


8 


5.7296 


216.39 


9 


5.8654 


211.38 


10 


6.0012 


206.60 



Table 7A. The energies of the P branch of Ii,{l/4) for the 
v=:.Wv = 0 vibrational transition with A7=:+L 



n m 
154.73 
159.54 



1 8.0130 

2 7.7716 

3 7.5301 i64;65 

4 7.2887 170.11 

5 7.0472 175 93 

6 6.8058 182.18 
I 6.5644 188.88 
I 6.3229 196.09 
9 6.0815 203.87 
'0 5.8400 212.30 

Table 7B, The energies of the R branch of //j(J/4) for the 
u==l->u = 0 vibrational transition with A/=:-j. 



J 
1 

2 


eV 


n ni 


8,4959 


145.94 


8,7373 


141.90 


3 
4 


8.9788 


138.09 


9.2202 


134.47 


5 
6 
7 
8 
9 


9.4616 


131,04 


9.703 1 


127.78 


9.9445 


124.68 


10.1860 


121.72 


10.4274 


118.90 


10 


10.6688 

• 


116.21 
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u-I-*t> = 0 vibrational transition with A/ = +l. 



n m 
99.03 
102.10 



J+1 eV 

* 12.5203 
2 12,1431 

J H.7658 ,05.38 

11.3886 108.87 

: "•0Ji3 ,,2.60 

5 ^<^-^341 n6.59 

10.2568 120.88 

I 9.8796 J25.50 

^ 9.5023 

9.1251 



130.48 
135.87 



v-i-iv^O vibrational transition with A/ = -i. 

J eV 

' ■ 13.2748 

13.6521 90.82 

I 14.0293 88.38 

t H.4066 86.06 

I M.7838 . 83 87 

7 '5-'6n 81.78 

15.5383 79 79 

« 15.9156 77 90 

10 f-^^^^ 76.10 

16.6701 74 38 

v-l-4W=0 vibrational transition with 



n m 
93.40 



J+1 
1 

2 17.4860 



18.0292 68 77 

70.91 
73 J 8 
75.60 
78- r 9 
80.97 



^ 16.9428 

^ 16.3995 

^ 15.8563 

^ 15.3130 

J 14.7698 83.95 

^ 13.6833 

13.1401 



90.61 

94.36 



u-i-^v-0 vibrational transition with AJ = -i. 
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n m 



J eV ' 

' 19.1157 64.86 

2 19.6590 63.07 

5 20.2022 61.37 

4 20.7454 59.77 

5 21,2887 58.24 

6 21.8319 56,79 

7 22.3752 55.4! 

8 22.9184 54J0 

9 23.4616 52.85 

10 24.0049 51.65 

Table lOA. The energies of the P branch of //j(i/i2) for the 
v = l~>u=0 vibrational transition with 





eV 


n nk 


1 


72.1169 


17.19 


2 


69.9440 


17.73 


3 


67,7710 


18.29 


4 


65.5980 


18.90 


5 


63,4251 


19.55 


6 


61.2521 


20.24 


7 


59.0792 


20.99 


8 


56.9062 


21.79 


9 


54.7332 


22.65 


10 


52,5603 


23.59 



Table lOB. The energies of the R branch of H^{U12) for the 
v = Wv=0 vibrational transition with Ay=~l. 



i 
I 

2 
3 
4 
5 
6 
7 
8 
9 
iO 



cV 


n m 


76.4628 


16.22 


78.6358 


15.77 


80.8088 


15.34 


82.9817 


14.94 


85.1547 


14.56 


87.3276 • 


14.20 


89.5006 


13.85 


91.6736 


13.52 


93.8465 


13.21 


96.0195 


12.91 



Table HA. The energies of the P branch of //,(1/13) for (he 
v = i-^v-=0 vibrational transition with Ay = M. 



J+l 

1 84.6372 14.65 

2 82.0870 15 jo 

3 79.5368 15.59 
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4 76,9866 16 JO 

5 74,4364 16.66 

6 71.8862 17.25. 

7 69.3360 17.88 

8 66.7858 18.56 

9 64.2356 1930 

10 61.6854 20.10 

Table IIB. The energies of the R branch of ^,(1/13) for the 
i>«I-»v=0 vibrational transition with A/=:-l. 

1 89.7376 13.82 

2 92.2878 13.43 

3 94.8380 13.07 

4 97.3882 12.73 

5 99.9384 12.4! 

6 102.4886 12.10 

7 105.0388 11.80 

8 107.5890 n,52 

9 110.1392 11,26 
JO 112.6894 u.oo 



Table 12A. The energies of the P branch of //j(l/14) for the 
v=^l'^>v^O vibrational transition with A/ =+l. 



1 98.1592 12.63 

2 95.2016 13.02 

3 92.2440 13.44 

4 89.2864 13.89 

5 86.3288 14.36 
^ 83.3712 14,87 
^ 80.4136 15.42 
8 77.4560 16.01 
^ 74.4984. 16.64 
^0 71.5408 17 33 



Table 12B. The energies of the R branch of //2(1/14) for the 
t> = l->i; = 0 vibrational transition with A/^-i. 



J 
I 

2 

3 
4 

5 
6 
7 



cV 
104.0744 
107.0320 
109.9896 
112.9472 
115.9048 
118.8624 
121.8200 



n m 
11.91 
Ji.58 
11. 27 
10.98 
10.70 
10.43 
10.18 
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8 124.7776 9.94 

9 127.735 2 9.71 

10 130.6928 9.49 

In further embodiments, the vibrational energies and 
rotational energies and P and R branch transition energies of 
HjiUp) are ID the range of about those given in TABLES 4-10 
±20%. More preferably the vibrational energies and rotational 
energies and P and R branch transition energies Of H^(Up) are in 
the range of about those given in TABLES 4-10 ±10% Most 
preferably the vibrational energies and rotational energies and P 
and R branch transiUon energies of //^(l/p) arc in the range of 
about those given in TABLES 4-10 ±5%. 

As described in the paper. R. L. Mills, Y. Lu, J. He. M. 
Nansteel. P. Ray, X. Chen. A. Voigt, B. Dhandapani. "Spectral 
Identification of New Stales of Hydrogen", J. Phys. Chem. B, 
submitted, which is herein incorporated by reference in its 
entirety, vibration-rotational emission of ifj(l/4) was 
investigated using an electron gun provided by Rutgers 
University and described previously [J. Wieser. D. E. Mnmick, A. 
Ulnch, H. A Higgins, A. Liddle. W. L. Brown, "Vacuum ultraviolet 
rare gas excimer Ught source", Rev. Sci. Instium.. Vol. 68, No 3 
(1997). pp. 1360-1364 and A. Ulrich. J. Wieser. D. E. Murnick. 
Excimer Formation Using Low Energy Electron Beam Excitation", 
Second International Conference on Atomic and Molecular 
Pulsed Lasers, Proceedings of SPIE, Vol, 3403. (J 998), pp. 300- 
307 which are herein incorporated by reference in their 
entirety] to initiate argon plasmas with 1% hydrogen in the 
pressure range of 450-1000 Torr. The plasmas cell was flushed 

/"^/.^f^^*"* ^'""P^'* ""^»>cd with argon-hydrogen 

(99/1%). then filled with this gas. The electrons were 

accelerated with a high voltage of 12.5 keV at a beam current of 
10/14. The electron gun was sealed with a thin (300 nm 
thickness) SiN, foil that served as a 1 mm' electron window to 
the cell at high gas pressure (760 torr). The beam energy was 
deposited by hitting the target gases, and the light emitted by 
beam excitation exited the cell thorough a MgE, window. 
35 mounted at the entrance of a normal incidence McPherson 0 2 
meter monochromator (Model 302) equipped with a 1200 
Imes/mm holographic grating with a platinum coating. The 
wavelength region covered by the monochromator was 
5 - 560n«. P(l). p(2). P(3), p(4), p(5) p^^) of HJl/4) were 
observed at 154.94 nm. 159.74 nm. 165.54 nm, 171.24 nm. 
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1 78.14 nm, and 183.14 nm, respectively. The sharp peak at 
146.84 nm may be the first member of the R branch. R(0) Tlie 
transitions P(2), P(3). P(4), P(5). P(6). and R(0) and transitions- 
between these states may lase since they are not to levels where 
5 both t> and 7=0. 

Emission of lie //,(l/4) vibration-rotational series may 
occur via electron-coIUsional excitation of O, followed by 
vibration-rotational activation of y/,(l/4) through a collisional 
energy exchange with the excited 0^: 

*® Oi*+H^(lM)^Q^ + HSf4)* (93) 

where ♦ denotes an energetic state. This mechanism is favored 
at the high operating pressure. 

The atmospheric-pressure argon plasma formed with the 
15 keV electron beam contains a high population of excimers 
such as Ar^*. Art* has an excited state energy of about 9-10 eV- 
thus, the ionization reaction given by Eq. (90) is energeUcally 
favorable wherein the first ionization energies of Ar and O arc 
15.75962 and 13.61806 eV, respectively. Ar* serves as a 
catalyst when H is present. 

Another objective of the present invention is to cnsate an 
inverted population of a vibration-rotational energy level of 
H2(I/p) which is capable of lasing. The pumping power to form 
the inverted population is from at least one of an external power 
supply and the power released from the catalysis of atomic 
hydrogen to lower-energy states. Had/p) may be supplied to 
the cell froin an external source, or it may be generated insitu 
from the catalysis of hydrogen to lower-energy states given by 
Eqs. (91) and (92) which further react to form lUl/p) In the 
later embodiment, the catalysis cell may serve as the laser 
cavjty, and an inverted population may be formed due to 
hydrogen catalysis to lower-energy states given by Eqs. (91) and 

An embodiment of the laser shown in HGURE 9 comprises 
a cavity 501 and a source of Hjd/p) 502. A valve 503, a gas 
35 supply hne 504, a mass flow controller 505, and a valve 506 

control the flow of H^d/p) to the cavity. The gas may be flowed 
through dMi cavuy 501 using pu„,p 507 and valves 508 and 

^ k'I""" ""^y naonitored with pressure 

valves 508 and 509. An inverted vibration-rotational 
population may be formed in the H.(l/p) gas in the cavity 501 
by the input of power by an electron beam from an electron gun 
511 powered by an electron gun supply 512 connected by 
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electrical leads 513. The beam travels from the electron gun 
511 through a window 514 such as a SiN, window aj»d excites 
the HziUp). 

Laser oscillators occur in the cavity 501 which has the 
5 appropriate dimensions and mirrors for lasing that is known to 
those skilled in the art as described in J. J. Ewing, "Excimer 
Lasers." Laser Handbook, edited by M. L. Stitch, North-Holland 
Publishing Company, Vol. A4, (1979); Laser Handbook, edited by 
F. T. Arecchi and E. O. Schultz-Dubois, North-Holland Publishing 
10 Company. Amsterdam, VoL 1-6, (1972); M. Brotherton. Masers 
and lasers: how they work, what they do. New York: McGraw- 
Hill Book Company, (1964); J. S. Thorp, Masers and lasers: 
Physics and design. New York: St, Martin's Press, (1967); G. 
Troup, Masers and lasers: molecular amplification and oscillation 
15 by stimulated emission, 2nd Edition, London: Mcthucn & Co. Ltd, 
(1963); T. K. Ishii. Maser and laser engineering, Huntington NY- ' 
IRobert E. Krieger Publishing Company. (1980); A. E. Siegman. An 
introducUon to lasers and masers. New York: McGraw-Hill Book 
Company. (1971); C. A. Hogg and L. Sucsy. Research report: 
20 Masers and lasers, Cambridge, MA: Maser/Laser Associates, 
(1962), M. J. Beesley, Lasers and Their Applications, Taylor & 
Francis Ltd. London, (1971) which are herein incoiporated by 
reference in their enUrety. The laser light is contained in the 
cavity 501 between ihe mirrors 515 and 516. The mirror 516 
may be semitransparent. and Uie light may exit the cavity 
through this mirror. 

In an embodiment Uiat provides EUV laser emission for 
EUV lithography, the mirrors 515 and 516 may comprise 
multilayer, thin-film coatings such as distributed Bragg 
30 reflectors as described by J. E. Borkholm. "EUV lithography— the 
successor to optical lithography?" Intel Technology Journal. Q3, 
(1998), pp. 1-8, which is herein incorporated by reference In' 
preferred embodiments, Uie EUV laser wavelength is in the 
region between about 11 and 14 nm. In this case, the gas may 
35 be at least one of H2(l/12), Hzd/lS), and Hjd/H). The 

transmons are given in TABLES IDA and B to TABLES 12A and 
B. In a further preferred embodiment, the mirror is Mo:Si ML 
that has been optimized for peak reflectivity at 13.4 nm. In an 
embodiment of an EUV laser, the output is through a pin-hole 
optic that may be differentially pumped. The cavity may be 

lasing occurs withoul mirrors to 

increase the path lengUi. 

In the embodiment of the Ujil/p) laser of the present 
invenuon. the cavity 50i of FIGURE 9 comprises a reactor of the 
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present invention to catalyze atomic hydrogen to lower-energy 
states such as an rt-plasma reactor, plasma electrolysis reactor, 
barrier electrode reactor. RF plasma reactor, pressurized gas 
energy reactor, gas discharge energy reactor, microwave cell 
energy reactor, and a combination of a glow discharge cell and a 
microwave and/or RF plasma reactor of the present invention. 
The reaction may also be maintained by the plasma formed with 
the electron beam 511. The catalyst may be supplied by a 
source of catalyst 517. and hydrogen may be supplied to the 
reactor from a source 518. The How of catalyst and hydrogen 
may be controlled independently through line 504 with mass 
flow controller 519 and valves 520 and 521. The source of 
catalyst may be argon gas, and the catalyst may be Ar"". An 
acUvator gas may be added to at least one of the Hid/p) or the 
15 catalyst-hydrogen gas mixture from source 522 controlled by 
valve 523. The activator gas may be at least one of the group 
comprising O2, H2O. CO2. Nj, NO2, NO, CO, and a halogen gas. 

In an embodiment, the IhO Ip) pressure is maintained in 
the range of about 0,1 mTorr to 10,000 Torr, preferably tlie 
^2(1//^) pressure is in the range of about 10 mTorr to 100 Torr; 
more preferable the Uzii/p) pressure is in the range of about 10 
mTorr to 10 Torr, and most preferably, the Hzil/p) pressure is 
in the range of about 10 raToiT to 1 torr. The HaCl/p) flow rate 
is preferably about 0*1 standard liters per minute per cm^ of 
25 vessel volume and more preferably about 0.001-10 seem per 
cm of vessel volume. The power density of the source of 
pumping power such as the electron-beam power is preferably 
in the range of about 0.01 W to about lOO W/cm^ vessel volume; 
more preferably it is in the range of about O.l to 10 W/cm^ 
vessel volume. The mole fraction of activator gas is in the range 
of about 0,001% to 90%. Preferably it is in the range of about 
0.01% to 10%, and most preferably it is in the range of about 
0.01% to 1%. The flow rate and pressure are maintained 
according to that of Hzil/p) to achieve these desired mole 
35 fractions. 

In an embodiment of a catalyst-hydrogen mixture to 
achieve at least one of the formation of Hid//^) and the 
formation of an inverted vibration-rotational population of 
ihd/ph the catalyst-hydrogen mixture pressure is maintained 
m the range of about 0.1 mTorr to lO.OOO Torr. preferably the 
catalyst-hydrogen mixture pressure is in the range of 10 mTorr 
to 5000 Torr; more preferably, the catalyst-hydrogen mixture 
pressure is in the range of 100 Torr to 2O00 Torr. and most 
preferably, the catalyst-hydrogen mixture pressure is in the 



30 



40 



wo 2005/041368 PCT/OS2004/03S143 



110 



10 



15 



20 



range of 500 Torr to 1000 Torr. The catalyst-hydrogen mixture 
flow rate is preferably about 0-1 standard liters per minute per 
cm of vessel volume and more preferably about O.OOMO sccra 
per cm of vessel volume. The power density of the source of 
pumping power such as the electron-beam power is preferably 
in the range of about 0.01 W to about 100 W/cm' vessel volume; 
more preferably it is in the range of about 0.1 to 10 W/cm^ 
vessel volume. The mole fraction of hydrogen in the catalyst- 
hydrogen gas is in the range of about 0.001% to 90%. Preferably 
U iS in the range of about 0.01% to 10%, and most preferably it is 
in the range of about 0.1% to 5%. The mole fraction of activator 
gas is m the range of 0.001% to 90%. Preferably it is in the 
range of about 0.01% to 10%, and most preferably it is in the 
range of about 0.01% to 1%. The flow rate and pressure are 
mamtamed according to that of catalyst-hydrogen mixture to 
achieve these desired mole fractions. In an embodiment, the 
source of catalyst is helium, neon, and argon, and the catalyst is 
He*. Ne% Ne*/H* or At\ 

A laser according to the preset invention is shown in 
FIGURE 10. It comprises at least one of an inverted population 
of H2(Up) and a plasma of a catalyst and hydrogen and laser 
optics. The plasma may be maintained in an rt-plasraa reactor, 
a plasma electrolysis reactor, a barrier electrode reactor, an RF 
plasma reactor, a pressurized gas energy reactor, a gas discharge 
25 energy reactor, a microwave cell energy reactor, and a 

combination of a glow discharge cell and a microwave and /or 
RF plasma reactor. The plasma 4O0 may also be maintained by 
an electron beam (electron gun and cavity are shown in FIGURE 
9). At least one of the laser medium and plasma gas containing 
J at least one of Hjd/p), hydrogen and catalyst, and an activator 
may flow through the cavity via inlet 401 and outlet 402 The 
laser beam 412 and 413 is directed to a high reflectivity minor 
405. such as a 95 to 99.9999% reflective spherical cavity mirror 
and to the output coupler 406 by windows 403 and 404. such as 
• Brewster angle windows. The output coupler may have a 
transmission in the range O.l to 50%. and preferably in the 
range 1 to 10%. The beam power may be measured by a power 
meter 407. The laser may be mounted on an optical rail 408 on 
an optical table 411 which allows for adjustments of the cavity 
length to achieve lasing at a desired wavelength. Vibrations 
may be ameliorated by vibraUon isolation feet 409. The plasma 
tube may be supported by a plasma tube support siiucture 410. 
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CLAIMS 

1. A laser comprising: 

a laser medium comprising U^{U p) where p is an integer 
and l<p<137, 
a cavity, 

and a power source to form an inverted population in an 
energy level of H^{l/p). 

2. The laser of claim 1 further comprising cavity mirrors and a 
laser-beam output. 

3. The laser of claim 1 wherein the power source forms 
excited vibration-rotational levels of H^{i/p) and lasing occurs 
with a stimulated transition from at least one vibration-rotational 
level to at least another lower-energy-level other than one with a 
significant Boltzmann population at the cell neutral-gas 
temperature such as one with both v and 7 = 0 wherein the 
vibration-rotational levels of 1^1/ p) comprise the inverted 
population. 

4. The laser of claim 1 wherein the laser light is within the 
range of wavelengths from about infrared, visible, ultraviolet, 
extreme ultraviolet, to soft X-ray. 

5. The laser of claim 1 wherein Uic laser medium may further 
comprise an activator molecule. 

6. The laser of claim 5 wherein the activator molecule is at 
least one of O,, N,, CO^, CO, NO^, NO, XJC where each of X and 
X is a. halogen atom. 

5. The laser of claim 3 wherein the vibration-rotational 
excitation may be by at least one of a direct collisional excitation 
and an energy exchange with an excited state species such as an 
excited activator molecule. 

6, The laser of claim 3 wherein the direct excitation and the 
excitation of the activator may be by collision with an energetic 
particle. 
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7. The laser of claim 6 further comprising a particle beam. 

8. The laser of claim 7 wherein the particle beam is an 
5 electron beam. 

9. The laser of claim 6 wherein the power source accelerates 
the energetic species. 

10 10. The laser of claim 9 wherein the power source to cause 
energetic species may be at least one of a particle beam such as 
an electron beam and microwave, high voltage, and RF discharges. 

11. The laser of claim 5 further comprising a mean to 

15 energetically excite the activator molecule such as at least one of 

a particle beam such as an electron beam, microwave, glow, and 
RF discbarge power. 

12. The laser of claim 1 wherein the pumping power source 
20 may a particle bean such as an electron beam. 

13. The laser of claim 12 wherein the beam energy may be in 
the range of about 0.1 to 100 MeV, preferably on the range of 
about 10 eV to 1 MeV, more preferably in the range of about 100 
eV to 100 keV, and most preferably in the range of about 1 keV 
to 50 keV. 

14. The laser of claim 12 wherein the beam current may be in 
the range of about 0.01 M to 1000 A, preferably on the range of 

30 about OA fiA to 100 A, more preferably in the range of about 1 

M to 10 A. and most preferably in the range of about 10 iiA to 1 
A. 

15. The laser of claim 3 wherein the vibrational energies are 
35 given by 

and the rotational energies are given by 

^« = ^/H - y p + I J = p'iJ + 1)0.01509 eV 

Within at least one of about ±20%, ±I0%. and ±5% where p is an 
4U integer greater than one and J is an integer. 
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16. The laser of claim 3 where the energies of the emission is 
given by 

5 wherein 

^vi»p = V0.5159£V 

im<{zMS73XlO^ 0.5159 ev) and the 

-v[v-\i\ .23981 X 10^) Vl^ ^ r-i- eV 

^ ^ 4€{p^AAS\ eV+ p'0.326469 eV) 

rotational energies are given by 

= - =y{y + l] = (7 + 1)0.01509 eV 

within at least one of about ±10%, ±10%, and ±5% where 
10 v = 0,l,2»3... integer, p is an integer greater than one, and J is an 
integer. 



15 



17. The laser of claim 1 wherein the medium is at least one of 
//,(I/12), //,(I/i3), and //.(l/H). 

18. The laser of claim 17 wherein the wavelength is useful for 
EUV lithography in the range of 5-20 nm. 



19. The laser of claim 18 wherein the wavelength is useful for 
20 EUV litJiography and the mirrors comprise multilayer, thin film 

coalings such as distributed Bragg reflectors. 

20. The laser of claim 19 wherein the wavelength is at least one 
of about 13.4 nm and 11.3 nm and the mirrors comprise Mo : Si 

25 ML. 



21. The laser of claim 1 wherein the exit for the beam output is 
an ultraviolet transparent window such as a MrF^ window. 

30 22. The laser of claim I wherein the beam output is a 
differentially pumped pin-hole optic. 

23. The laser of claim 8 w-fierein the cavity further comprises 
an electron window such as a foil window. 

35 

24. The laser of claim 3 wherein the emission is due to at least 
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one of the transitions P(l), P(2), P(3), P(4), P(5), and P(6) of 
/ij(l/4) 154.94 nm, 159.74 am, 165.54 nin, 171.24 om, 178,14 
nm, and 183.14 nm, respectively, and transitions between these 
corresponding states. 

5 

25. A laser comprising: 

a plasma forming cell or reactor for the catalysis of atomic 
hydrogen producing power, a continuous stationary inverted 
Hi{\lp) population where p is an integer and i<p<137, and novel 

10 hydrogen species and compositions of matter compdsing new 
forms of hydrogen, 

a source of catalyst, 

a source of atomic hydrogen, and 

a mean to form and output a laser beam. 

15 

26. The laser of claim 25 wherein the cell is capable of 
maintaining a vacuum or pressures greater than atmospheric 
pressure, 

20 27. The laser of claim 25 wherein the catalysis of atomic 

hydrogen generates a plasma, power, and novel hydrogen species 
and compositions of matter comprising now forms of hydrogen. 

28. The laser of claim 25 wherein the means to form an output 
25 a laser beam comprises a cavity, cavity mirrors, aad a beam 

output. 

29. The laser of claim 28 wherein the cavity conciprises a 
reactor to catalyze atomic hydrogen to lower-energy states such 

30 as an rt-plasma reactor, plasma electrolysis reactor, barrier 
electrode reactor, RF plasma reactor, pressurized gas energy 
reactor, gas discharge energy reactor, microwave cell energy 
reactor, a combination of a glow discharge cell and a microwave 
and/or RF plasma reactor, and an electron-beam plasma reactor. 

35 

30. The laser of claim 25 wherein the reactor comprises a 
source of hydrogen; one of a solid, molten, liquid, and gaseous 
source of catalyst; a vessel containing hydrogen and the catalyst 
wherein the reaction to form lower-energy hydrogen occurs by 

40 contact of the hydrogen with the catalyst; and a means for 

providing the lower-energy hydrogen product H^(\/ p) to the laser 
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cavity {o comprise the laser nicdium. 

31. The laser of claim 1 wherein the cavity comprises a reactor 
to catalyze atomic hydrogen to lower-energy states, and a plasma 
is maintained by a particle beam such as an electron beam. 

32. The laser of claim 25 wherein a plasma provides atomic 
hydrogen, or the cell further comprises a dissociator such as a 
filament, or metal such as platinum, palladium, titanium, or nickel 
that forms atomic hydrogen from the source of atomic hydrogen. 

33. The laser of claim 25 where the source of catalyst is an 
excimer. 

34. The laser of claim 33 wherein the excimer is at least one of 
77^2*, Ntfj*, A/i?2*. and Ar^* and the catalyst is He*, Ne\ Ne^/H* or 
Ar\ 

35. The laser of claim 33 wherein the excimer is formed by a 
high pressure discharge. 

36. The laser of claim 35 wherein the discharge is one of a 
microwave, glow, RF, and electron-beam discharge. 

37. The laser of claim 25 comprising a noble-gas-catalyst 
source- hydrogen mixture which is maintained at high pressure in 
the range of about 100 mTorr to 100 atm, preferably in the range 
of about 10 Torr to 10 atm, more preferably in range of about 
100 Torr to 5 atm, and most preferably in the range of about 300 
Torr to 2 atm, 

38. The laser of claim 25 further comprising a source of 
ionization to form the catalyst from the source of catalyst. 

39. The laser of claim 38 wherein the source of ionization to 
form the catalyst from the source of catalyst is at least one of an 
electron beam and an ionizing species, 

40. The laser of claim 39 wherein the ionizing species is an ion 
such as O*. 
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41. The laser of claim 39 wherein the ionizing species reacts 
with a source of catalyst comprising a noble gas excimer to form 
the catalyst, 

42. The laser of claim 41 wherein the source of catalyst is ylr^*, 
the ionizing species is O* which reacts to form the catalyst 
according to the reaction: 

43. The laser of claim 23 wherein the catalysis of hydrogen is 
maintained by a particle beam, microwave, glow, or RF discharge 
plasma of a source of atomic hydrogen and a source of catalyst 
such as argon to provide catalyst Ar\ 

44. The laser of claim 39 wherein a species such as oxygen may 
react with the source of catalyst such as Ar^ to form the catalyst 
such as Ar*. 

45. The laser of claim 1 wherein the he H^Cl//?) pressure 
is maintaioe<i in the range of about 0.1 mTorr to 10,000 
Torr, preferably the HaCl/p) pressure is in the range of 10 
mTorr to 100 Torr; more preferable the H2(l/p) pressure is 
in the range of 10 mTorr to 10 Torr, and most preferably, 
the H2(l/p) pressure is in the range of 10 mTorr to 1 torr. 



46. The laser of claim 1 where the Hzil/p) flow rate is 
preferably about 0-1 standard liters per minute per cm^ of 
vessel volume and more preferably about 0.001-10 seem 
per cm^ of vessel volume. 

47. The laser claim 1 wherein, the power density of the 
source of pumping power such as the electron-beam power 
is preferably in the range of about 0.0 1 W to about 100 
W/cm vessel volume; more preferably it is in the range of 
about 0.1 ;o 10 W/cm^ vessel volume. 

48. The laser of claim 5 wherein the raole fraction of 
activator gas is in the range of 0.001% to 90%. Preferably it 
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is iQ the range of about 0.01% to 10%, and most preferably 
it is in the range of about 0.01% to 1%. The flow rate and 
pressure are maintained according to that of H2(l/p) to 
achieve these desired mole fractions. 

5 

49. - The laser of claim 1 further comprising a catalyst cell, 
a catalyst, and a source of hydrogen to catalyze the 
* formation of hydrogen to lower-energy states. 

10 50. The laser of claim 25 where the pumping power to 
form the inverted population is from at least one of the 
external power supply and the power released from the 
catalysis of atomic hydrogen to lower-energy states. 

15 

51. The laser of claim 6 wherein energetic particles are 
formed by the catalysis of atomic hydrogen. 

52. The laser of claim 6 wherein the pumping excitation 
20 for the formation of the inverted population or the 

excitation of the activator is due to collisions with energetic 
particles formed by the catalysis of atomic hydrogen. 

53. The laser of claim 1 comprising a source of I //->)- 

25 

54. The laser of claim 25 wherein UiiVp) is generated 
insitu from the catalysis of hydrogen to lower-energy states 
given by 

E ^ ^ 13.598 gV 

30 « = p^\yi 

2 3 4 p ^ 
which further react to form H2(l/p). 

55. The laser of claim 25 wherein the catalysis ceil is also 
the laser cavity. 

35 

56. The laser of claim 25 wherein the reactor comprises a 
source of hydrogen; one of a solid, molten, liquid, and 
gaseous source of catalyst; a vessel containing hydrogen and 
the catalyst wherein the reaction to form lower-energy 
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hydrogen occurs by contact of the hydrogen with the 
catalyst; and a means for providing the lower-energy 
hydrogen product //jO/p) to the laser cavity to comprise the 

laser medium. 

5 

57. The laser of claim 25 wherein the formation of the 
inverted population is due to at least one of input power 
and catalysis of atomic hydrogen to lower-energy states, 

H^il/p) is formed insitu due to the catalysis of atomic 
10 hydrogen, 

the catalysis cell serves as the laser cavity, and 
an inverted population may be formed due to at least 
one of catalysis of atomic hydrogen and input power. 

15 58. The laser of claim 1 further comprising a catalyst- 
hydrogen mixture to achieve at least one of the formation of 
H2(i//>) and the formation of an inverted vibration- 
rotational population of Ihil/p). 

20 59. The laser of claim 25 wherein the pressure of a 

mixture of a source of catalyst and atomic hydrogen source 
is maintained in the range of about 0.1 mTorr to 10,000 
Torr, preferably the pressure in the range of 10 mTorr to 
5000 Torr; more preferably, the pressure is in the range of 

25 100 Torr to 2000 Torr, and most preferably, the pressure is 
in the range of 500 Torr to 1000 Torr. 

60. The laser of claim 25 wherein the flow rate of the 
mixture of a source of catalyst and atomic hydrogen source 

30 is preferably about O-l standard liters per minute per cm^ 
of vessel volume and more preferably about 0.001-10 seem 
per cm^ of vessel volume. 

6 1 . The laser of claims 1 and 25 wherein the power 
35 density of the source of pumping power such as the 

clectron-beam power is preferably in the range of about 
0.01 W to about 100 W/cm^ vessel volume; more preferably 
it is in the range of about 0.1 to 10 W/cm^ vessel volume. 

40 62. The laser of claim 25 wherein the mole fraction of 
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hydrogen in the catalyst- hydrogen gas is in the range of 
0.001% to 90%. Preferably it is in the range of about 0.01% 
to 10%, and most preferably it is in the range of about 0.1% 
to 5%. The mole fraction of activator gas is in the range of 
0.001% to 90%. Preferably it is in the range of about 0.01% 
10 10%, and most preferably it is in the range of about 
0.01% to 1%. 

63. The laser of claim 62 wherein, the flow rate and 
pressure are maintained according to that of catalyst- 
hydrogen mixture to achieve these desired mole fractions. 

64. The laser of claim 25 wherein the source of catalyst is 
helium, neon, and argon, and the catalyst is He*, Ne*, NeVH* 
or Ar^. 

65. A laser comprising a laser cavity, cavity mirrors, and source 
of applied power to maintain a hydrogen catalysis reaction and an 
internal power source comprising a cell for the catalysis of atomic 
hydrogen to form novel hydrogen species and/or compositions of 
matter comprising new forms of hydrogen, and 

at least one of the power from catalysis and an external 
power source maintains H^{\ip) in an excited vibration-rotational 
state from which stimulated emission may occur. 

66. A light source comprising: 

a light emitting medium comprising H^{\l p) where p is an 
integer and l<p<137, 

a cavity, 

and a power source to cause the emission of light from an 
energy level of W^O/p). 

67. The light source of claim 66 wherein the emission is due to 
at least one of the transitions P(l), P(2), P(3), P(4), P(5), and P{6> 
of and R(0) of H^{\fA) 154.94 nm, 159.74 nm, 165.54 nm. 171.24 
nm, 178.14 nm, 183.14 nm, and 146.84 nm, respeciively, and 
transitions between these corresponding states. 

68. The compound of claim 25 comprising 

(a) at least one neutral, positive, or negative increased 
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binding energy hydrogen species having a binding energy 

(i) greater ihan the binding energy of the 
corresponding ordinary hydrogen species, or 

(ii) greater than the binding energy of any hydrogen 
species for which the corresponding ordinary hydrogen species is 
unstable or is not observed because the ordinary hydrogen 
species' binding energy is less than thermal energies at ambient 
conditions, or is negative; and 

(b) at least one other element. 



69. A compound of claim 25 or 68 characterized in that the 
increased binding energy hydrogen species is selected from the 
group consisting of H^, H^^ and Z/,*^ where n ts a posilive integer, 

with the proviso that n is greater than 1 when H has a positive 
15 charge. 

70. A compound of claim 25 characterized in that the increased 
binding energy hydrogen species is selected from the group 
consisting of (a) hydride ion having a binding energy that is 

20 greater than the binding of ordinary hydride ion (about 0.8 eV) 
for p = 2 up to 23 in which the binding energy is represented by 



Binding Energy ^ ^ ^M^ 3^'^' 



2' 



where p is an integer greater than one, 5= 1/2, ;r is pi, A is 
Planck*s constant bar. /z^ is the permeability of vacuum, is the 
25 mass of the electron, is the reduced electron mass given by 

mm 

f^e = — — ~ where is the mass of the proton, is the radius 



3 ' 



4 

of the hydrogen atom, is the Bohr radius, and e is the 
elementary charge; (b) hydrogen atom having a binding energy 
greater than about 13,6 eV; (c) hydrogen molecule having a first 
30 binding energy greater than about 15.3 eV; and (d) molecular 

hydrogen ion having a binding energy greater than about 16.3 
eV. 

71- A compound of claim 70 characterized in that the increased 
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15 



20 



25 



binding energy hydrogen species is a hydride ion having a 
binding energy of about 3, 6.6, 11.2, 16,7, 22.8, 293, 36.1, 42.8, 
49.4, 55.5, 6K0, 65.6, 69.2, 71.6. 72.4. 71.6. 68.8, 64.0, 56.8. 47.1, 
34.7, 19.3, and 0.69 cV. 

72. A compound of claim 71 characterized in that the increased 
binding energy hydrogen species is a hydride ion having the 
binding energy: 



Binding Energy = 



8rt 





f 




1 











I L ^ JJ 



where p is an integer greater than one, j = 1/2, ;c is pi, ^ is 
Planck's consUnt bar, is the permcabiHty of vacuum, m, is the 
mass of the electron, /t, is the reduced electron mass given by 

where is the mass of the proton, a,, is the radius 



m 




3 ' 



of the hydrogen atom, is tlie Bohr radius, and c is the 
elementary charge. 

73. A compound of claim 25 characterized in that the increased 
binding energy hydrogen species is selected from the group 
consisting of 

(a) a hydrogen atom having a binding energy of about 

13.6 €V . 

where p is an mteger. 



(b) an increased binding energy hydride ion {H') having a 
binding energy of about 



Binding Energy ^'V^ _ fflf^A^ 



m 



' ■yjs(s+ 1) y 



where p is an integer greater than one, ^ = 1/2, ;r is pi, h is 
Planck's constant bar, is the permeability of vacuum, m, is Ihe 
mass of the electron, /i^ is the reduced electron mass given by 
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where is the mass of the proton, a^f is the radius 

4 

of the hydrogen atom, is the Bohr radius, and e is the 
elementary charge; 

(c) an increased binding energy hydrogen species }i^{i/p)\ 

(d) an increased binding energy hydrogen species 
trihydrino molecular ion, H^{i/p), having a binding energy of 

about ' 2 where p is an integer, 



(e) an increased binding energy hydrogen molecule having 

15 3 

a binding energy of about ' ^ eV ; and 



(7) 



10 (f) an increased binding energy hydrogen molecular ion 

163 

with a binding energy of about 7-77 eV , 



(7] 



74. The catalyst of claim 2S comprising a chemical or physical 
process thai provides a net enthalpy of m-27.2 ±0.5eV where m is 

15 an integer or m/2-27.2 ±0.5 eV where m is an integer greater than 
one. 

75. The catalyst of claim 25 that provides a net enthalpy of 
/n-27.2 ±0.5 cK where m is an integer or ml2 TJ2 ±0.5 eV where m 

20 is an integer greater than one corresponding to a resonant state 
energy level of the catalyst that is excited to provide the 
enthalpy. 

76. The cell of claim 25 wherein a catalytic system is provided 
25 by the ionization of r electrons from a participating species such 

as an atom, an ion, a molecule, and an ionic or molecular 
compound to a continuum energy level such that the sum of the 
ionization energies of the t electrons is approximately 
m-n,! ±05 eV where m is an integer or m/2-27.2 ±0.5 eV where m 
30 is an integer greater than one and r is an integer. 

77. The plasma cell of claim 25 wherein the catalyst is provided 
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by the transfer of / electrons between participating ions; 

the transfer of / electrons from one ion to another ion 
provides a net enthalpy of reaction whereby the sura of the 
ionization energy of the electron donating ion minus the 
5 ionization energy of the electron accepting ion equals 
approximately m Zl.Z ±0,5 eV where m is an integer or 
w/2'27.2 ±0.5eV where m is an integer greater than one and / is 
an integer. 

10 78, The catalyst of claims 74, 75, 76, and 77 wherein preferably 
m is an integer less liian 400, 

79. The catalyst of claim 75 comprising which absorbs 
40.8 during the transition from tlie n = l energy level to the 

15 /t=2 energy level which corresponds to 3/2 212 eV {m = 3 ) that 
serves as a catalyst for the transition of atomic hydrogen from 
the n-l (p=I) state to the /i = l/2 (p=2) state. 

80. The catalyst of claim 25 comprising Ar^*^ which absorbs 
20 40.8 and is ionized to Ar^* which corresponds to 3/2 -27,2 eV 

(m-3) during the transition of atomic hydrogen from the n = \ 
(j7=l) energy level to the n==l/2 (p = 2) energy level . 

81. The catalyst of claim 25 is selected from the group of Li. Be, 

25 K, Ca, Ti, V, Cr. Mn, 1^, Co, Ni, Cu, Zn, As, Se, Kr, Rb, Sr, Nb. Mo, Pd, 

Sn, Te, Cs, Co, Pr, Sm. Gd, Dy, Pb, Pt. He\ Na\ Rb^, Sr' , Fe'\ Mo^\ 
Mo*\ and !n^\ 

82. A catalyst of atomic hydrogen of claim 25 capable of 

30 providing a net enthalpy of 27.2 ±0.5 where m is an integer 
or m/2-27,2 ±0.5 cV where m is an integer greater than one and 
capable of forming a hydrogen atom having a binding energy of 



provided by the breaking of a molecular bond of the catalyst and 
35 the ionization of / electrons from an atom of the broken molecule 
each to a continuum energy level such that the sum of the bond 
energy and the ionization energies of the / electrons is 
approximately m-27,2 ±0.5 where m is an integer or 
m /2- 27.2 ±0.5 where m is an integer greater than one. 



about 



13.6 eV 



where p is an integer wherein the net enthalpy is 




IS 



20 



25 
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83. The catalyst of claim 25 comprising at least one. of C^* ^x* 
Oj, COj, NO^, and //O,. 

5 84. The catalyst of claim 1 comprising a molecule in 
combination with an ion or atom catalyst. 

85. The catalyst combiaation of claim 84 comprising at least one 
molecule selected from the group of A^j, CO^, NO^^ and NO-^ 
10 in combination with at least one atom or ion selected from the 
group of U, Be, K, Ca. Ti. V, Cr, Mn, Fe, Co, Ni. Cu, Zn, As, Se, Kr, Rb, 
Sr, Nb. Mo, Pd, Sn, Te, Cs, Ce, Pr, Sm. Gd. Dy, Pb, Pt, Kr, He' , Na' , 
Rb\ Sr\ Fe'\ Mo^\ Mo'^ Ia^\ He\ Ar\ Xe\ Ar'' and H\ and Ne' 
and H\ 



86. The catalyst of claim 25 comprising helium exciraer, Afe^*, 
which absorbs 27.2UK and is iom2ed to 2Ne* , to catalyze the 
transition of atomic hydrogen from die (p) energy level to the 
+ energy level given by 



2A^<r"~^Afe,* +27.21 
And, the overall reaction is 



+[(P+1)^-;>^]^13.6 eV 



87. The catalyst of claim 25 comprising helium exciraer, //cj*, 
which absorbs 27,21 €V and is ionized to 2He^, to catalyze the 
transition of atomic hydrogen from the (p) energy level to the 
(;^+l) energy level given by 

30 27.21 eV + //ffj *+wj^^j-^2f/tf* + wj^^^j+I^^ eV 
And, the overall reaction is 

35 88. The catalyst of claim 25 comprising two hydrogen atoms 
which absorbs 27.21 and is ionized to 2//*. to catalyze llie 
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transition of atomic hydrogen from the (/?) energy level to the 
(p+I) energy level given by 

27.21 e^^+2//[^]+/^|^^]->2fr +2e- eV 

5 in' i-'2€" -> 2//|^^|+27.2l eV 

And, the overall reaction is 

89. A catalytic disproportionation reaction of atomic hydrogen 
10 virherein lower-energy hydrogen atoms, hydrinos, can act as 

catalysts because each of the metastable excitation, resonance 
excitation, and ionization energy of a hydrino atom is mX27,2eV. 

90. The catalytic reaction of claim 66 of a first hydrino aloin to 
15 a lov^er energy state affected by a second hydrino atom involves 

the resonant coupling between the aloms of m degenerate 
multipoles each having 27.21 of potential energy. 

91. The catalytic reaction of claim 89 wherein the energy 

20 transfer of mX27.2eV from the first hydrino atom to the second 
hydrino atom causes the central . field of the first atom to increase 

by m and its electron to drop m levels lower from a radius of 
to a radius of — ^" . 

25 92. The catalytic reaction of claim 89 wherein the second 
interacting lower-energy hydrogen is either excited to a 
metastable state, excited to a resonance state, or ionized by the 
resonant energy transfer. 

30 93. The catalytic reacUon of claim 89 wherein the resonant 
transfer may occur in multiple stages. 

94. The catalytic reaction of claim 93 wherein a nonradiative 
transfer by amltipole coupling may occur wherein the central 
35 field of the first increases by m, then the electron of the first 



■ 
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drops m levels lower from a radius of — to a radius of — * 
with further resonant energy transfer. 

95. The catalytic reaction of claim 89 wherein the energy 

5 transferred by mnltipole coupling may occur by a mechanism 

that is analogous to photon absorption involving an excitation to a 
virtual level. 

96, The catalytic reaction of claim 89 wherein the energy 

10 transferred by multipole coupling during the electron transition 
of the first hydrino atom may occur by a mechanism that is 
analogous to two photon absorplion involving a first excitation to 
a virtual level and a second excitation to a resonant or continuum 
level. 



15 



20 



97. A catalytic reaction with hydrino catalysts for the transition 
of // to m I induced by a multipole resonance transfer of 

m 21.21 eV and a transfer of l(p'f-'(p'-n{f]X\3,6eV-in'27JleV with 

a resonance state of ffl-T^ excited in //Ff is represented by 



where p, p\ m, and m* are integers. 

98. The catalytic reaction with hydrino catalysts wherein a 
25 hydrino atom with the initial lower-energy state quantum 

number p and radius — may undergo a transition to the staf& 

P 

with lower-energy stale quantum number (p+w) and radius 
by reaction with a hydrino atom with the initial lower- 

(p + m) 

energy state quantum number m', initial radius and final 

30 radius that provides a net enthalpy of m-27.2 ±0.5gV where tn 
is an integer or mil 21.2 ±0.5 where m is an integer greater 
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than one. 



10 



20 



25 



99. The catalytic reaction of claim 98 of hydrogen-type atom, 
nj^^j, with the hydrogen- type atom, ^[^]» ^l^at is ionized by 

the resonant energy transfer to cause a transition reaction is 
represented by 



m X 27.2 + + ^^p\ 



IV + fi- + 4—^1 + [(p + m)* - - {m^^ -2m)]Xl 3.6 e V 
[(p-fm)J 

//* + e-.^f/|^^j + J3.6 eV 
And, the overall reaction is 

■ 

100. The cell for the catalysis of atomic hydrogen of claim 25 
wherein the catalyst comprises a mixture of a first catalyst and a 

1 5 source of a second catalyst, 

101, The mixture of a first catalyst and a source of a second 
catalyst of claim 100 wherein the first catalyst produces the 
second catalyst from the source of the second catalyst. 



102, The first catalyst of claim 101 that produces the second 
catalyst from the source of the second catalyst wherein the 
energy released by the catalysis of hydrogen fay the first catalyst 
produces a plasma in the energy cell. 



103. The first catalyst of claim lOl that produces the second 
catalyst from the source of the second catalyst wherein the 
energy released by the catalysis of hydrogen by the first catalyst 
ionizes the source of the second catalyst to produce the second 
30 catalyst. 



104. A laser comprising: 
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a plasma forming cell or reactor for the catalysis of atomic 
hydrogen producing power, a continuous stationary inverted 
//zO/i?) population where p is an integer and l<p^l37, and novel 

hydrogen species and compositions of matter comprising new 
forms of hydrogen^ 

a source of catalyst, 

a source of atomic hydrogen, 

a controller to cause atomic hydrogen to react with atomic 

hydrogen to form lower-energy states given by 

„ ^ 13^5 98 eV . „ /i / \ 
J? - — _ and //,( / p) 

„^ ^ ^ , /^^137, and 
2 3 4 p 

a means to form and output a laser beam. 

105. The laser of claim 1 wherein the power source comprises a 
means to replace the electron deficit due to the higher electron 
mobility compared to ions to control the plasma potential. 

106. The laser of claim 105 further comprising a source of electrons 
to control Uie plasma potential. 

107. The laser of claim 106 wherein the source of electrons is a 
current from a hot filament or an electron gun. 

108. The laser of claim I wherein the power source comprises a 
means to magnetize the electrons to control the plasma potential. 

109. The laser of claims 106 and 108 wherein the plasma potential is 
maintained at a desired potential of about neutral, positive, or 
negative potential. 

110. The laser of claim 109 wherein the plasma potential is 
controlled to optimize the rate of the catalysis of hydrogen to 
lower-energy states given by 

13.598 eV 
= — = 

« = -.~.r P^137 

2 3 4 p 



111. The laser of claim 108 wherein the magnetic flux is in the range 
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of about 1-100,000 G, preferably the flux is in the range of about 10- 
1000 G, more preferably the flux in the range of about 5&'200 G, most 
preferably tbe flux is the range of about SOi-lSO G, 

5 112. The laser of claims 105 and 108 wherein further comprising a 
means to measure the plasma potential and a feedback loop of the 
electron flow and the electron confinement to maintain a desired 
plasma potential to cause a desired rate of hydrogen catalysis. 

10 113. The laser of claim 112 wherein the plasma potential 
measurement means comprises a probe such as a Langmuir probe. 

114. The laser of claim 107 wherein the source of electrons is a 
tungsten filament or a rhenium, BaO-coatcd, or radioactive filament 

15 such as a thoriated-tungsten filament. 

115. The laser of claim 106 wherein the electrcm source is an electron 
emitter a heated alkali (Group 1) metal or an alkaline earth (Group II) 
metal or a thermionic cathode. 

20 

116. The laser of claims 114 and 115 wherein the filament ionizes 
the catalyst such as Sr* or /Ir*. and the formed-rt-plasraa maintains 
the ionization at a much higher IcveL 

25 117. The laser of claim 108 wherein the means to confine electrons 
with a magnetic field is a magnetic bottle or a selenoidal field. 

118. The laser of claim 106 wherein the source of electrons is a 
discharge electrode such as an anode, 

30 

119. The laser of chiim 107 further comprising a conuoller wherein 
the electron flow to the plasma is controlled by controlling the 
temperature of the filament or the current of tbe electron gun. 

35 120. The laser of claim 105 further comprising a means to confine 
electrons in a desired spatial region by an electric field. 

121, The laser of claim 120 further comprising electrodes to provide 
the electric field. 

40 

122. The laser of claim I further comprising a source of negative ions 



wo 2005/041368 



PCT/US2004/03S14J 



130 



to control the plasma poCential. 

123. The laser of claim 122 wherein the source of negatively charged 
ions is a source of hydride ions. 

5 

124. The laser of claim 122 comprising a heating means wherein 
negative ions such as hydride ions are boiled from the surface of the 
wall of the reactor by maintaining the wall at an elevated 
temperature. 

10 

125. The laser of claim 1 further comprising a means to maintain a 
positive plasma potential. 

126. The laser of claim 125 further comprising a source of positively 
15 charged ions to control the plasma potential, 

127. The laser of claim 125 further comprising a means to confine 
positive ions. 

20 128. The laser of claim 127 wherein ihe means to confine positvc 
ions is a magnetic field such as a magnetic bottle or a seienoidal field. 

129. The laser of claim 125 further comprising a means to confine 
electrons in a region such that a desired region outside of the 

25 electron-rich region is positively charged. 

130. The laser of claim 129 wherein the means to confine electrons is 
a magnetic field such as a magnetic bottle or a seienoidal field. 

30 131. The laser of claim 126 wherein the source of ions is an ion beam 
or a discharge electrode such as a cathode. 

132. The laser of claim 127 wherein the means to confine positive 
ions in a desired spatial region comprises a source of electric field. 

35 

133. The laser of claim 132 wherein the source of electric field is 
electrodes, 

134. The laser of claim 126 wherein the .source of positively charged 
40 ions is a source of alkali (Group I) or alkaline earth (Group 11) ions. 
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135. The laser of claim 126 further comprising a heating means wherein positive 
ions such as alkali or alkaline earth ions are boiled from the surface of the wall of the 
reactor by maintaining the wall at an elevated temperature. 

5 1 36. Tlie laser of claim 126 further comprising a heating means wherein the positive 
ions are provided by boiling off eJectrons to a different region such that electron- 
emitting source acquires a net positive charge that positively charges the plasma 

137. The laser of claim 13 <S wherein the electron-emitting source is a thermionic 
10 cathode. 

138. A laser comprising: 

a plasma fomimg cell or reactor for the catalysis of atomic hydrogen producing 
power, a continuous stationary inverted population with energy levels given by 
15 ^'(0315 ±0.15 1)6^ where /? is an integer and novel hydrogen species and 

compositions of matter comprising hydrogen, 
a source of catalyst, 
a source of atomic hydrogen, 

a controller to cause atomic hydrogen to react with atomic hydrogen to cause 
20 EUV emission lines with energies of g • 13.6 where q is an integer, and 
a mean to form and output a laser beam. 

1 39. The laser of claim 25 forlher comprising a means to provide water vapor to the 
plasma and a means to remove hydrogen and oxygen dissociated from the water vapor 

25 by the plasma such that the gases are collected as industrial gases. 

140. The laser of claim 25 further comprising an electron beam &om a gun wherein 
the beam energy is tunable and. the free electrons serve as the catalyst wherein the free 
electrons undergo an inelastic scattering reaction with hydrogen atoms. 

30 

141 . A laser produced by the inverted hydrogen population according to any of the 
preceding claims. 
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142. Use of the laser according to claim 141. 

143. Elcctncity converted fiorn photons pixxluccd the inverted hydrogen population 
according to any of the preceding claini.s. 

5 

144. Use of the electricity according to claim 143. 

145. A source of light comprising: 

a light emitting medium comprising H^([I p) where p is an integer and 1 < /? < 1 37 , 

10 a cavity, and 

a powor source to form a fight emitting state in said /f^ 

146. Electricity converted from photons produced &om the light source according to 
cUtm 145. 

15 

147. Use of the electncily according to claim 146. 

148. A light source comprising: 

a light emitting state of any lower-energy hydrogen species; and 
20 a power source to fomi Che h'ght emitting stale. 
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DODulation for stimulated enii s si on. * oc « 

Krt cular. the claims relate to lasers ('"^^Pendent cla ras I. 25 . 65. 
IG4 138 141 . light sources (independent claims 66, "5. 148), 
iSSaoind^ (lii^penLt claims 68 69 76 73 . catalys s (in ependent 

^'h2?;s' 6 1? loo '^a aW ic reaJ ion n^^^^^^^^ claims 
J9"1rt S tuS'onialymli^pendent c 

laser? (indepe^ent claim 142). electricity (independent clam 143. 146) 
and the use of electricity (independent claims 144. 147). 

The wording of the claims renders it difficult, if.not ^»»PossiWe. to 
^f^rminft the subject-matter for which protection is sought. In . 

<ub ect-Ztter of said claims unclear. Even though not listed here, the 
^mi oroblem arises for all claims dependent on the aforementioned. 
ftrThe folTo^^ig claims aitempt to define the subject-matter in terras of 
III JSLlt rKhieved. without prwiding the technical features 
necessary for achieving this result: 

^At 'fifl '78 71 72 73 74. 75. 76. 77. 78. 79, 80, 82. 86. 87. 

tl: II: II: 11: Ic S: II: ^: Hi "2. iea. io4. los. no. ^a. m, 

145 and 148- 

Moreover. neither the additional dependent claims nor the ^escription 
contain any subject-matter »*ich, in combination with the s"0Jfct-BBtter 
^f an« claim to which they refer, would overcome the above objections. 
fL^uent y the aEpl'cation do4s rot contain any subject-matter which 
S di«&e the Invention in a manner sufficiently clear and complete 
to be carried out by a person skilled in the art, contrary to the 
requirements of Article 5 PCT. 

'".•^^^tS^rl^no"; ^i ^''nJvlfflXn^Pecn^^fe'iherret!^ dScHb^d 
f?tS'Srbindin|%SL2!«a?hema?ical Relationships for the binding 

?n'S"ons'n11Slf:6 a number of catalysts are theoretically 
d2scrited to generate novel hydrogen species in catalytic reactions, 
tta^ver the rotors and the reaction conditions presented in sections 
iT? tS'll 9 and in ections IV.l to IV.5 of the descr pti on are merely 
briadly defined and apparently ordinary cf. page 61. lines 23-25 of the 
d^r otion No specific features describing the apparatus are given. Ho 
«SetS exLpK s g ven for the production of novel hydrogen species 
U^s therefwe not evident to the skilled person what technical features 
of a reactor make the generation of novel hydrogen species possible. 
fsLnarlJ^SLtfoHpplies for the features o^^ 
in sections 1.2.4, 11. 16 and 1V.6 of the description. The technical 
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features presented do not enable the skilled person to carry out the 
invention. 

Therefore, the present application fails to coniply with the requirements 
of sufficient disclosure of Article 5 PCT. 

The said lack of clarity of the claims iii combination with the said lack 
Jf suffic ent d sc osure is to such an extent that a ii«an ngf ul search is 
not possible. Consequently, no search report can be established for the 
present application. 

The applicant's attention is drawn to the fact that claims »^1atin9^^o 
nventions in respect of which no international search report has been 
estab1?hed need not be the subject of an international preliminary 

!^?Il*5nrI VdhIp fi6 1 <e» PCT) The applicant is advised that the EPO 
poli ; ihen S ng in'lSeLti^al'preliminary Ex«nining Authority, is 
Sorai^llv nSt to cirry out a preliminary examination on matter which has 
ZTbJel searched This is the case irrespective of whether or not the 
r?aimf arf^nded following receipt of the search report or during any 
chaiter II ^cedure? f thi application proceeds into the regional phase 
bSfSre til EpS! th^^pplicant is reminded that a search may be earned 
Sut during examination before the »0 (see EPO Guideline C^^^ 8^5). 
should the problems vrhich led to the Article 17(2} declaration oe 
overcraie. 



